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ADVERTISEMENT. 

Ths  present  number  completes  the  third  volame  of  this  journal, 
and  with  it  the  editors  take  their  leave  of  the  public  From  the 
commencement  of  their  work,  the  editors  have  never  expected  an 
extensive  subscription.  The  pursuits  of  this  busy  and  thriving 
community  do  not  lead  it  to  a  very  lively  interest  in  the  subjects 
to  which  this  publication  has  been  devoted,  and  although  the  sub- 
scription has  been  sufficient  to  defray  the  expense  of  printing,  the 
labour  of  conducting  the  work  has  been  without  reward. 

Under  these  circumstances,  the  editors  cannot  any  longer  devote* 
the  time  necessary  to  make  selections  from  foreign  works,  and  to 
famish  such  original  matter  as  shall  make  their  journal  satis&c- 
tory  to  themselves  or  worthy  of  their  ifubecribers.  Far  from  in- 
tending to  express  any  thing  like  di8a{^m>bation  or  complaint  that 
a  larger  portion  of  the  public  have  not  a  taste  for  the  kind  of  read- 
ing which  has  been  presented  in  this  journal,  the  editors  have 
made  the  preceding  statement  merely  to  show  their  patrons,  open- 
ly, the  cause  of  the  discontinuance  of  their  work.  The  editors 
feel  themselves  warranted  in  attributing  their  want  of  patronage 
to  the  peculiarity  of  the  public  taste,  in  regard  to  works  of  this 
kind,  generally,  rather  than  to  the  individual  character  of  the 
papers  which  they  have  published,  from  the  feet,  that  the  selected 
articles,  which  comprise  the  greater  part  of  this  journal,  were 
written  by  men  most  celebrated  for  genius  and  attainments  in 
Europe,  and  on  subjects  which  have  occupied  a  great  share  of  the 
attention  of  the  scientific  world  during  the  progress  of  this  publi- 
cati(Mi. 

BostoHi  December^  1896. 
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Art.  I. — Bu^rifhical  Account  ofAL  de  Faurcroy.    By  Thomas 
Thomson,  M.  D.  F.  R«  S.    [Ann.  Philos.] 

Literary  men  may  be  divided  into  three  classes.  Some 
make  a  great  figure  during  their  life  time ;  but  death  erases 
their  names  from  the  annals  of  science,  and  they  sink  into  the 

frave  and  obscurity  at  once.  Such  were  Dr  Mead  and  Sir 
ohn  Hill.  Some  are  little  known  during  their  life  time,  and 
spend  their  days  in  obscurity  and  penury  ;  but  when  death 
has  once  closed  the  scene,  their  reputation  rises  untarnished 
by  envy,  and  unsullied  by  emulation,  and  flows  on  like  a 
mighty  river,  the  broader,  and  deeper,  and  greater,  the  far- 
ther it  advances.  Such,  in  some  respects,  were  Kepler  and 
Scheele.  Some  are  so  unfortunate,  through  imprudence,  or  a 
perverse  train  of  circumstances,  neither  to  acquire  reputation 
during  their  lives,  nor  after  their  death ;  while  their  more  for- 
tunate contemporaries,  with  less  labour,  and  less  merit,  gather 
all  the  laurels  which  they  had  earned.  It  would  be  mvidi* 
ous  to  mention  the  names  of  any  who  unfortunately  belong  to 
this  class  ;  but  they  will  readily  occur  to  every  one  acquaint- 
ed with  the  history  of  science.  Every  tyro  in  algebra  is  fa- 
miliar with  Cardan's  rules  for  the  s6lutiou  of  cubic  equations, 
while  the  name  of  the  real  discoverer  of  these  rules  is  scarcely 
known,  except  to  mathematical  antiquaries.  M.  de  Fourcroy, 
the  subject  of  this  article,  made  so  conspicuous  a  figure  dur^ 
ing  his  life  time,  that  it  would  by  no  means  surprise  us,  if  he 
should  finally  take  his  place  among  that  class  of  literary  men, 
whom  we  characterised  in  the  first  place ;  not  that  he  wanted 
merit;  for  it  is  not  so  much  merit,  as  a  regard  to  distributive 
BosUJour.  Oct.  1825.     1 
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justice,  which  leads  to  the  classification.  Who  will  be  hardy 
enough  to  affirm  that  Churchill  wanted  merit  as  a  poet  ?  Dur- 
ing his  short  and  rapid  literary  career  he  appeared  to  wield 
the  thunderbolts  in  his  hand,  and  was  an  object  of  dread  and 
adoration,  like  a  kind  of  Divinity.  But  where  is  his  reputation 
now  ?  It  has  sunk,  since  his  death,  as  much  below  the  true 
level,  as  it  rose  above  it  during  his  life  time ;  and  this  we  be- 
lieve will  always  be  the  case*  Mankind  will  atone  for  the 
excessive  adulation  which  they  pay  to  a  man  during  his  life- 
time, by  a  corresponding  negligence  after  his  death. 

Antoine  Fran9ois  de  Fourcroy,  Compte  of  t..e  French  em- 
pire. Counsellor  of  State,  Commander  of  the  Legion  of  Hon- 
our, Member  of  the  Institute,  and  of  most  scientific  societies 
in  Europe,  Professor  oi  Chemistry  at  the  Museum  of  Natural 
History,  Professor  of  the  Faculty  of  Medicine  at  Paris,  and 
teacher  in  the  Polytechnic  School,  was  born  at  Paris,  on  the 
15th  of  June,  1755,  and  was  the  son  of  Jean  Michel  de  Four- 
croy and  of  Jeanne  Laugier. 

His  family  had  long  resided  in  the  capital,  and  several  of  his 
ancestors  had  distinguished  themselves  at  the  bar.  One  of 
them,  during  the  reign  of  Charles  IX.  was  honored  with  th4 
epithet  of  fori  decus. 

Antoine  Francois  de  Fourcroy  sprung  from  a  branch  of 
the  family  that  had  gradually  sunk  into  poverty.  His  father 
exercisea  in  Paris  the  trade  of  an  apothecary^  m  consequence 
of  a  charge  which  he  held  in  the  house  of  the  Duke  of  Or- 
leans. 1  he  Corporation  of  Apothecaries  having  obtained  the 
^neral  suppression  of  all  sued  chaises,  M.  de  Fourcroy,  the 
lather,  was  obliged  to  renounce  his  mode  of  livelihood ;  and 
his  son  grew  up  in  the  midst  of  the  poverty  produced  by  the 
monopoly  of  the  privileged  bodies  in  Pans.  He  felt  this 
situation  the  more  keenly,  because  he  possessed  from  nature, 
an  extreme  sensibility  of  temper.  When  he  lost  his  mother, 
at  the  age  of  seven  years,  he  attempted  to  throw  himself  into 
her  grave.  The  care  of  an  elder  sister  preserved  him  with 
difficulty,  till  he  reached  the  age  at  which  it  was  usual  to  be 
sent  to  the  college.  Hei^e  he  was  unlucky  enough  to  meet 
with  a  brutal  master,  who  conceived  an  aversion  to  him,  and 
treated  him  with  cruelty.  The  consequence  was  a  dislike  to 
study;  and  he  quitted  the  college  at  the  age  of  14,  some- 
what less  informed  than  when  he  went  to  it. 

His  poverty  now  was  such,  that  he  was  under  the  necessity 
of  endeavouring  to  support  himself  by  commencing  writing 
roaster.    He  had  even  some  thoughts  of  going  upon  the  stage, 
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but  was  prevented  by  the  hisses  bestowed  upon  a  friend  of 
his,  who  had  unadvisedly  entered  upon  that  perilous  career, 
and  was  treated  in  consequence,  without  mercy  by  the  audi- 
ence* While  uncertain  what  plan  to  follow,  the  advice  of 
Yiq.  d'Azyr  induced  him  to  commence  the  study  of  medicine. 

This  great  anatomist  was  an  acquaintance  of  M.  de  Four* 
croy,  the  father.  Struck  with  the  appearance  of  his  son,  and 
the  courage  with  which  he  strugglea  with  his  bad  fortune,  he 
conceived  an  affection  for  him,  and  promised  to  direct  his 
studies,  and  even  to  assist  him  during  their  progress.  The 
study  of  medicine  to  a  man  in  his  situation  was  by  no  means 
an  easy  task.  He  was  obliged  to  lodee  in  a  garret,  so  low  in 
the  roof,  that  he  could  only  stand  upright  in  the  centre  of  the 
room.  Beside  him  lodged  a  water-carrier,  with  a  family  of 
twelve  children.  Fourcroy  acted  a§  physician  to  this  nume* 
rous  family ;  and  in  recompense  was  always  supplied  with 
abundance  of  water.  He  contrived  to  support  himself  by 
giving  lessons  to  other  students,  by  facilitating  the  researches 
of  richer  writers,  and  by  some  translations  which  he  sold  to  a 
bookseller.  For  these  he  was  only  half  paid ;  but  the  con- 
scientious bookseller  offered,  thirty  years  afterwards,  to  make 
up  the  deficiency,  when  his  creditor  was  become  Director 
General  of  Public  Instruction. 

Fourcroy  studied  with  so  much  zeal  and  ardour  that  he 
soon  became  well  acquainted  with  the  subject  of  medicine. 
But  this  was  not  sufikient.  It  was  necessary  to  get  a  Doc- 
torls  degree ;  and  all  the  expenses,  at  that  time,  amounted  to 
£250  sterling.  An  old  physician,  Dr  Diest,  had  left  funds  to 
the  faculty  to  give  a  gratuitous  degree  and  license,  one  every 
two  years,  to  the  poor  student,  who  should  best  deserve  them. 
Fourcroy  was  the  most  conspicuous  student  at  that  time  in 
Paris.  He  would  therefore  have  reaped  the  benefit  of  this 
benevolent  institution  had  it  not  been  for  the  unlucky  situa- 
tion in  which  he  was  placed.  There  happened  to  exist  a 
quarrel  between  the  faculty  charged  with  tne  education  of 
medical  men  and  the  granting  of  degrees,  and  a  society,  re- 
cently established  by  government  for  the  improvement  of  the 
medical  art.  This  dispute  had  been  carried  to  a  great  length, 
dnd  had  attracted  the  attention  of  all  the  frivolous  and  idle 
inhabitants  of  Paris.  Via.  d'Azyr  was  secretary  to  the  so- 
ciety, and  of  course  one  of  its  most  active  champions,  and 
was  in  consequence  particularly  obnoxious  to  the  faculty  of 
medicine  at  raris.  Fourcroy  was  unluckily  the  acknowl- 
edged protegee  of  this  eminent  anatomist.    This  was  sufii- 
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cient  to  induce  the  faculty  of  medicine  to  refuse  him  a  gra-^ 
tuitous  degree.  He  would  have  been  excluded  in  conse- 
quence from  entering  upon  the  career  of  a  practitioner,  had 
not  the  society,  enraged  at  this  treatment,  and  influenced  by 
a  violent  party  spirit,  formed  a  subscription,  and  contributed 
the  necessary  expenses. 

It  was  no  longer  possible  to  refuse  M.  de  Fourcroy  the  de- 

free  of  Doctor,  when  he  was  thus  enabled  to  pay  for  it. 
lut  above  the  simple  degree  of  Doctor,  there  was  a  higher 
one,  entitled  Docteur  Regent,  which  depended  entirely  upon 
the  votes  of  the  faculty.  It  was  unanimously  refused  to  M. 
de  Fourcroy.  This  refusal  put  it  out  of  his  power  afterwards 
to  commence  teacher  in  the  medical  school,  and  gave  the 
medical  faculty  the  melancholy  satisfaction  of  not  being  able 
to  enrol  among  their  number  the  most  celebrated  professor 
in  Paris.  This  violent  and  unjust  conduct  of  the  faculty  of 
medicine  made  a  deep  impression  in  the  mind  of  Fourcroy, 
and  contributed  not  a  little  to  the  subsequent  downfall  of  that 
powerful  body. 

Fourcroy  being  thus  entitled  to  practise  in  Paris,  his  suc- 
cess depended  entirely  upon  the  reputation  which  he  could 
contrive  to  establish.  For  this  purpose  he  devoted  himself 
to  the  sciences  connected  with  medicine,  as  the  shortest  and 
most  certain  road  by  which  he  could  reach  his  object.  His 
first  writings  showed  no  predilection  for  any  particular  branch 
of  science.  He  wrote  upon  chemistry,  anatomy,  and  natural 
history.  He  published  an  abridgment  of  the  History  of  In- 
sects, and  a  Description  of  the  Burs®  Mucosse  of  the  Ten- 
dons. This  last  piece  seems  to  have  given  him  the  greatest 
celebrity;  for  in  1785  he  was  admitted,  in  consequence  of 
it,  into  the  Academy  of  Sciences,  as  an  anatomist ;  but  the 
reputation  of  Bucquet,  which  at  that  time  was  very  high, 
gradually  directed  nis  particular  attention  to  chemistry,  and 
he  retained  this  predilection  during  the  rest  of  his  life. 

Bucquet  was  at  that  time  professor  of  chemistry  in  the 
medical  school  of  Paris,  and  was  then  greatly  celebrated  and 
followed,  on  account  of  his  eloquence  and  the  elegance  of  his 
language.  Fourcroy  became  in  the  first  place  his  pupil,  and 
soon  after  his  particular  friend.  One  day,  when  an  unfore- 
seen disease  prevented  him  from  lecturing  as  usual,  he  en- 
treated M.  de  Fourcroy  to  supply  his  place.  The  young 
philosopher  at  first  declined,  and  alleged  his  total  ignorance 
of  the  method  of  addressing  a  popular  audience.  But,  over- 
come by  the  persuasions  of  Bucquet,  he  at  last  consented  $ 
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and  in  this  his  first  essay,  he  spoke  two  hours  without  disor- 
der or  hesitation,  and  acquitted  himself  to  the  satisfaction  of 
his  whole  audience.  Bucquet  soon  after  substituted  him  in 
his  place,  and  it  was  in  his  laboratory  and  in  his  class  room 
that  he  first  made  himself  acquainted  with  chemistry.  He 
was  enabled  at  the  death  of  Bucquet,  in  consequence  of  an 
advantageous  marriage  which  he.  had  made,  to  purchase  the 
apparatus  and  cabinet  of  his  master  ;  and  although  the  Fac- 
ulty of  Medicine  would  not  allow  him  to  succeed  lo  the  chair 
of  Bucquet,  they  could  not  prevent  him  from  succeeding  to 
his  reputation. 

There  was  a  kind  of  college  established  in  the  King's  Gar* 
den,  which  was  at  that  time  under  the  superintendance  of 
Buifon,  and  Macquer  was  the  professor  of  chemistry  in  this 
institution.  On  the  death  of  this  chemist,  in  1784,  Lavoisier 
stood  candidate  for  the  chair.  But  Buffon  received  more 
than  a  hundred  letters  in  favour  of  Fourcroy ;  and  the  voice 
of  the  public  was  so  loud  in  his  favour,  that  he  was  appointed 
to  the  situation,  in  spite  of  the  high  reputation  of  his  antago- 
nist, and  the  superior  interest  that  might  be  supposed  to  re- 
sult from  his  fortune  and. his  situation. 

Fourcroy  continued  professor  at  the  Jardin  des  Plantes, 
during  the  remainder  of  his  life,  which  lasted  twenty-five 
years ;  and  such  was  his  eloquence,  or  so  well  was  it  fitted 
to  the  taste  of  the  French  nation,  that  his  celebrity  as  a  lec- 
turer continued  always  upon  the  increase ;   so   great  also 
were  the  crowds,  both  of  men  and  women,  that  flocked  to 
hear  him,  that  it  was  twice  necessary  to  enlarge  the  lecture- 
room.     1  had  myself  an  opportunity  of  hearing  him  lecture 
two  or  three  times,  and  must  acknowledge  that  I  found  it  dif- 
ficult to  account  for  the  celebrity  whicn  he  enjoyed.     His 
style  was  precisely  similar  to  that  of  his  books,  flowing  and 
harmonious,  but  very  difluse,  and  destitute  of  precision  ;  and 
his  manner  was  that  of  a  petit  maitre,  mixed  with  a  good 
deal  of  pomposity,  and  an  affectation  of  profundity.     There 
must.be  something,  however,  in  such  a  manner,  capable  of 
attracting  the  generality  of  mankind ;  for  I  know  a  professor, 
who  possesses  as  much  of.it  as  is  consistent  with  the  British 
character,  and  who  is  far  inferior  to  Fourcroy  as  a  man  of 
science;    who  nevertheless,  enjoys  within  his  own  sphere, 
nearly  the  same  degree  of  popularity  that  Fourcroy  did  in 
his. 

We  must  now  notice  the  political  career  which  Fourcroy 
ran,  during  the  progress  of  the  revolution.    In  a  country 
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where  political  changes  were  going  on  with  so  much  rapidity^ 
and  where  every  description  of  men  were  successively  had 
recourse  to,  it  was  not  possible  that  a  professor  so  much  ad- 
mired for  his  eloquence,  could  escape  observation.  Accord- 
ingly he  was  elected  a  member  of  the  National  Convention  in 
the  autumn  of  1793.  The  National  Convention,  and  France 
herself,  were  at  that  time  ia  a  state  of  abject  slavery ;  and  so 
sanguinary  was  the  tyrant  who  ruled  over  that  unhappy 
countrv,  that  it  was  almost  equally  dangerous  for  the  mem- 
bers of  the  Convention  to  remain  silent,  or  to  take  an  active 
part  in  the  business  of  that  assembly.  Fourcroy,  notwith* 
standing  his  reputation  for  eloquence,  and  the  love  of  eclat 
which  appears  all  along  to  have  been  his  domineering  pas- 
sion, had  good  sense  enough  to  resist  the  temptation,  and 
never  opened  his  mouth  in  the  Convention  till  after  the  death 
of  Robespierre.     This  is  more  to  be  wondered  at,  and  is  a 

freater  proof  of  prudence,  as  it  is  well  known  that  he  took  a 
een  part  in  favour  of  the  revolution,  and  that  he  was  a  deter- 
mined enemy  to  the  old  order  of  things,  from  which  he  had 
suffered  so  severely  at  his  entrance  into  life. 

At  this  period  he  had  influence  enough  to  save  the  life  of 
some  men  of  merit.  Among  others,  of  Darcet,  who  3id  not 
know  the  obligation  he  lay  under  to  him,  till  long  after.  At 
last  his  own  life  was  threatened,  and  his  influence,  of  course, 
utterly  annihilated. 

During  this  unfortunate  and  disgraceful  period,  several  of 
the  most  eminent  literary  characters  of  France  were  destroy- 
ed ;  among  others,  Lavoisier ;  and  Fourcroy  has  been  accus- 
ed of  contributing  to  the  death  of  this  illustrious  philosopher, 
his  former  rival,  and  his  master  in  chemistry.  How  far  such 
an  accusation  is  deserving  of  credit,  I,  for  my  part,  have  no 
means  for  determining ;  but  Cuvier,  who  was  upon  the  spot, 
and  in  a  situation  which  enabled  him  to  investigate  its  truth 
or  felsehood,  acquits  Fourcroy  enturely  ci  the  charge,  and 
declares  that  it  was  urged  against  him,  merely  out  of  envy  at 
his  subsequent  elevation.  ^  If  in  the  rigorous  researches 
which  we  have  made,^  says  Cuvier  in  his  Elogeof  Fourcroy, 
^  we  had  found  the  smallest  proof  of  an  atrocity  so  horrible, 
no  human  power  could  have  induced  us  to  sully  our  mouths 
with  his  Eloge,  or  to  have  pronounced  it  within  the  walls  of 
this  temple,  which  ought  to  be  no  less  sacred  to  honor  than 
to  genius." 

Fourcroy  began  to  acquire  influence  only  after  the  ninth 
thermidor,  when  the  nation  was  wearied  with  destruction,  and 
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when  eflEbits  were  making  to  restore  those  monuments  of  sci- 
ence, and  those  public  institutions  (or  education,  which,  dur- 
ing the  wantonness  and  folly  of  the  revolution,  had  been  over- 
turned and  destroyed.  Fourcroy  was  particularly  active  in 
this  renovation,  and  it  was  to  him  chieflv,  that  almost  all  the 
schools  established  in  France  for  the  education  of  youth,  are 
to  be  ascribed.  The  convention  had  destroyed  all  the  col- 
leges, and  universities,  and  academies,  throughout  France. 
The  ejects  of  this  ridiculous  abolition,  soon  became  visible. 
The  army  stood  in  need  of  surgeons  and  physicians,  and 
there  were  none  educated  to  supply  the  vacant  places. 
Three  new  schools  were  founded  for  educating  medical  men« 
They  were  nobly  endowed,  and  still  continue  connected  with 
the  University  of  Paris.  The  term^  Schools  of  Medicine,  was 
proscribed  as  too  aristoci*atical.  They  were  distinguished  by 
the  ridiculous  appellation  of  Schools  of  Health.  The  Poly- 
technic school  was  next  instituted,  as  a  kind  of  preparation 
for  the  exercise  of  the  military  profession,  where  young  men 
could  be  instructed  in  mathematics  and  natural  philosophy, 
to  make  them  fit  for  entering  the  schools  of  the  artillery,  of 
engineers,  and  of  the  marine.  The  central  sfhool  was  ano- 
ther institution  for  which  France  is  indebted  to  the  efforts  of 
Fourcroy.  The  idea  was  good,  though  i^has  been  very  im- 
perfectly put  in  execution.  It  was  to  estaolish  a  kind  of  uni- 
versity m  every  department,  for  which  the  young  men  were 
to  be  prepared  by  means  of  a  sufficient  number  of  inferior 
schools  scattered  through  the  department.  But  these  inferior 
schools  have  never  been  properly  established  or  endowed ; 
and.  even  the  central  schools  themselves  have  never  been  sup- 
plied with  proper  masters.  Indeed  it  would  have  been  im- 
possible to  have  furnished  such  a  number  of  masters  at  once. 
On  that  account,  an  institution  was  established  at  Paris,  under 
the  name  of  Normal  School,  for  the  express  purpose  of  edu- 
cating a  sufficient  number  of  masters  to  supply  the  different 
central  schools. 

Fourcroy,  either  as  a  member  of  the  Convention^  or  of  the 
Council  of  Ancients,  took  an  active  part  in  all  these,  institu- 
tions, both  as  far  as  regarded  the  plan  and  the  establishment^ 
He  was  equally  concerned  in  the  establishment  of  the  Insti- 
tute, and  of  the  Museum  d^Histpire  Naturelle.  This  last  was 
endowed  with  the  utmost  liberality,  and  Fourcroy  was  one  of 
the  first  professors ;  as  he  was,  also,  in  the  school  of  medi- 
cine, ana  the  Polytechnic  school.  He  was  equally  concern* 
ed  in  the  restoration  of  the  University,  which  constitutes  the 
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most  splendid  part  of  Buonaparte's  reign,  and  the  part  which 
will  be  longest  remembered  with  gratitude  and  applause. 

The  violent  exertions  which  M.  de  Fourcroy  made  in  the 
numerous  situations  which  he  filled,  and  the  prodigious  ac- 
tivity which  he  displayed,  gradually  undermined  his  consti- 
tution. ,  He  himself  was  sensible  of  his  approaching  deah, 
and  announced  it  to  his  friends  as  an  event  which  would 
speedily  take  place.  On  the  1 6th  of  December,  1 809,  after 
signing  some  despatches,  he  suddenly  cried  out,  ^' Je  suis  mort,'' 
and  dropt  down  lifeless  on  the  ground. 

He  was  twice  married ;  first  to  Mademoiselle  Bettinger,  by 
whom  he  had  two  children ;  a  son,  an  ofiicer  in  the  artillery, 
who  inherits  his  title ;  and  a  daughter,  Madame  Foucaud. 
He  was  married  a  second  time  to  Madame  Belleville,  the 
widow  of  Vailly^  by  whom  he  had  no  family.  He  left 
but  little  fortune  behind  him ;  and  two  maiden  sisters  who 
lived  with  him  depended  for  their  support  upon  his  friend,  M. 
Vauquelin. 

The  character  of  M.  Fourcroy  is  sufficiently  obvious.  It 
was  exactly  fitted  to  the  country  in  which  he  lived,  and  the 
revolutionary  government,  in  the  midst  of  which  he  was  des- 
tined to  finish  his  career.  Vanity  was  his  ruling  passion,  and 
the  master-spring  ^  all  his  actions.  It  was  the  source  of  all  the 
happiness  and  of  all  the  misery  of  his  life ;  for  every  attack, 
from  what  quarter  soever  it  proceeded,  was  felt  by  nim  with 
equal  acuteness.  The  sneer  of  the  most  ignorant  pretender, 
or  the  most  obscure  paper,  affected  him  just  as  much  as 
if  it  had  proceeded  from  the  most  profound  philosopher.  It 
is  needless  to  observe,  after  this,  how  much  he  must  have 
suffered  from  the  various  parties  into  which  the  French  che- 
mists divided  themselves  ;  all  of  which  were  more  or  less  hos- 
tile to  him,  exceptmg  the  one  which  he  himself  headed.  His 
occupations  were  too  numerous,  and  his  elocution  too  ready, 
to  put  it  in  his  power  either  to  make  profound  discoveries,  or 
to  compose  treatises  of  great  depth  or  originality •  The  chan- 
ges which  took  place  in  the  science  of  chemistry  were  brought 
about  by  others,  who  were  placed  in  a  different  situation,  and 
endowed  with  different  talents ;  but  no  roan  contributed  so 
much  as  Fourcroy  to  the  popularity  of  the  Lavoisierian  opin- 
ions, and  the  rapidity  with  which  they  were  propagated  over 
France  and  most  countries  in  Europe.  His  eloquence  drew 
crowds  to  hear  him,  and  persuaded  his  audience  to  embrace 
his  opinions. 
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He  mast  have  possessed  an  uncommon  facility  in  writing, 
for  bis  literary  labours  are  exceedingly  numerous*  Besides 
those  essays  wbich  have  been  already  noticed,  he  published 
five  editions  of  his  System  of  Chemistry,  each  of  them  gradu- 
ally increasing  in  size  and  value ;  the  first  edition  being  in 
two  volumes,  and  the  fifth  in  ten.  This  last  edition  he  wrote 
in  sixteen  months.  ]t  contains  a  vast  quantity  of  valuable 
matter,  and  contributed  considerably  to  the  general  difiusion 
of  chemical  knowledge*  Its  fault  is  the  dilfuseness  of  the 
style,  and  the  want  of  correct  references.  The  readers  of 
Fourcroy's  system  would  suppose  that  all  the  discoveries  in 
chemistry  have  been  made  by  the  French,  and  that  other 
nations  have  contributed  comparatively  little  to  the  stock  of 
chemical  knowledge  ;  whereas  in  reality,  the  very  opposite  is 
the  truth.  A  much  greater  number  of  important  chemical 
discoveries  have  been  made  in  Britain  than  in  France ;  and 
the  British  chemists  have  contributed  prodigiously  to  the 
raising  of  that  beautiful  fabric  which  we  at  present  admire. 

Perhaps  the  best  of  all  Fourcroy's  productions  is  his  Phi- 
losophy of  Chemistry,  which  is  remarkable  for  its  conciseness, 
its  perspicuity ,^  and  the  neatness  of  its  arrangement. 

Besides  these  works,  and  the  periodical  work  called  Le 
Medicin  Eclaire,  of  which  he  was  the  editor,  there  are  above 
160  papers  on  chemical  subjects,  with  his  name  attached  to 
them  as  the  author,  which  appeared  in  the  Memoirs  of  the 
Academy  of  the  Institute,  in  the  Annales  de  Chimie,  or  the 
Annates  de  Museum  d'Histoire  Naturelle,  of  which  last  work 
he  was  the  original  projector.  As  in  most  of  these  papers  the 
name  of  Yauquelin  is  associated  with  his  own,  as  the  author; 
and  as  during  the  publication  of  those  which  appeared  with 
his  own  name  alone,  Yauquelin  was  the  operator  m  his  labora- 
tory, it  is  not  possible  to  determine  what  part  of  the  experi- 
ments were  made  by  Fourcroy,  and  what  by  Vauquelin.  I 
bav.e  been  told,  by  a  gentleman  who  had  a  good  opportunity 
of  getting  information  on  the  subject,  that  almost  all  the  ex- 
periments were  made  by  Yauquelin,  but  that  all  the  papers 
were  written  by  Fourcroy  himself.  The  discoveries  contain- 
ed in  these  numerous  dissertations,  are  of  considerable  im- 
portance, and  relate  chiefly  to  animal  and  vegetable  chemis- 
try. At  the  same  time,  it  must  be  allowed,  that  Fourcroy 
and  Yauquelin  often  fall  into  mistakes  difficult  to  be  account- 
ed for ;  and  that  they  do  not,  in  every  case,  do  justice  to 
their  predecessors  or  contemporaries,  who  had  been  occupied 
with  the  same  investigations.     A  complete  enumeration  of 
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these  dissertations  would  probably  be  considered  as  too  tedi- 
ous. 1  shall  therefore  satisfy  myself  with  pointing  out  some 
of  his  most  important  chemical  discoveries  and  observations. 

!•  He  repeated  the  curious  experiments  of  Berthollet  upon 
the  evolution  of  azotic  gas  from  animal  substances.  This 
dissertation  contains  very  little  new,  and  is  remarkable  for 
some  striking  mistakes ;  as  for  example,  that  azotic  gas  has 
the  property  of  giving  a  green  colour  to  vegetable  blues.  If 
such  an  observation  was  ever  actually  made,  he  must  have 
been  deceived  by  a  portion  of  ammonia  mixed  with  the  azotic 
gas.  He  announced,  soon  after,  that  the  air  contained  in  the 
swimming  bladder  of  the  carp  is  azotic  gas.  This  paper  con- 
tains several  absurd  observations  on  the  method  of  procuring 
azotic  gas ;  as  for  example,  that  the  black  oxide  of  manga- 
nese gives  out  pure  azote,  if  exposed  to  a  heat  below  redness. 

2.  He  analysed  a  green  coloured  mineral  from  Auvergne, 
which  he  found  a  mixture  of  arseniate  of  lead  and  phosphate 
of  lead. 

3.  He  affirmed  that  ammonia  is  decomposed  by  the  oxides 
of  manganese,  mercury,  and  iron ;  and  tnat  these  oxides,  at 
the  same  time,  lose  either  the  whole  or  a  portion  of  their 
oxygen. 

4.  He  ascertained  that  the  most  common  constituent  of  bi- 
liary calculi  is  a  substance  very  similar  in  its  properties  to 
spermaceti.  This  substance,  in  consequence  of  a  subsequent 
discovery  which  he  made,  during  the  removal  of  dead  bodies 
from  the  burial  ground  of  the  Innocents  at  Paris,  namely,  that 
these  bodies  were  converted  into  a  fatty  matter,  got  the  name 
of  adipocire. 

5.  He  found  that  vegetable  juices  frequently  contain  a  sub- 
stance w^hich  coagulates  when  the  juice  is  exposed  to  a  gen- 
tle heat.  This  substance  he  considered  as  albumen ;  but 
Proust  afterwards  showed  that  it  was,  in  reality,  a  species  of 
gluten,  and  quite  different  in  its  properties  from  albumen. 

6.  He  ascertained  the  properties  of  several  triple  salts, 
which  magnesia,  and  ammonia,  and  an  acid  are  capable  of 
forming ;  and  explained,  by  this  discovery,  the  reason  why 
magnesia  is  not  precipitated  completely  from  its  solutions  by 
ammonia.  This  paper,  which  appeared  in  the  fourth  volume 
of  the  Annates  de  Chimie,  I  consider  as  one  of  the  best  ever 
published  by  Fourcroy. 

7.  He  published  a  very  elaborate  analysis  of  the  quinqui- 
na, a  species  of  bark  from  St  Domingo,  which  was  consider- 
ed at  the  time  as  a  model  for  vegetable  analysis.     It  bears 
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the  exact  characters  of  the  peculiar  method  followed  b^ 
Vauquelin.  I  should  suppose  therefore,  though  nothing  is 
said  on  the  subject,  that  the  experiments  were  contrived  and 
executed  by  that  eminent  chemist* 

8.  His  dissertation  on  the  sulphate  of  mercury,  though  im- 

Eerfect,  contains  some  good  observations,  aqd  facilitated  the 
nowledgc  of  metallic  salts,  which  was  at  that  time  very  im- 
perfect, out  has  been  greatly  improved  since.  The  same  re- 
mark applies  to  his  subsequent  memoirs  on  the  action  of  am- 
monia, on  the  sulphate,  nitrate,  and  muriate  of  mercury. 
These  papers  contain  some  mistaken  opinions,  though  the 
formation  of  the  triple  salts,  which  constitutes  the  basis  of  his 
opinion,  be  correct. 

9«  His  experiments  on  the  brain  contain  several  valuable 
facts,  and  his  opinion  approaches  to  accuracy.  The  subject 
has  been  recently  resumed  by  Vauquelin,  who  has  published 
a  curious  dissertation  on  it. 

10.  The  analysis  of  tears,  and  the  mucus  of  the  nose,  by 
Fourcroy  and  Vauquelin,  is  valuable ;  though  it  contains 
some  mistakes,  from  the  too  hasty  application  of  an  erroneous 
theory  to  the  animal  phenomena. 

11.  The  analysis  of  urine,  and  of  urinary  calculi,  by  the 
same  gentleman,  has  been  much  admired  on  the  Comment, 
and  no  doubt  contains  many  important  facts ;  but  hardly  any 
important  addition  is  made  in  it  to  the  dissertation  of  Dr 
Wollaston  on  the  same  subject,  which  had  been  already  pub- 
lished in  the  Philosophical  Transactions.  To  this  very  im- 
portant paper  no  allusion  whatever  is  made,  yet  they  could 
hardly  be  ignorant  of  it,  as  they  quote  Dr  Pearson^'s  essay  on 
the  same  subject,  which  had  been  published  in  the  same 
work. 

12.  Their  experiments  on  the  combustion  of  bodies  in  oxy- 
muriatic  acid  gas,  and  the  detonations  which  take  place  when 
hyperoxymuriate  of  potash  and  a  combustible  substance  are 
mixed  together  and  struck  upon  an  anvil,  are  curious,  though 
they  add  but  little  to  the  improvement  of  the  theory  of  che- 
mistry« 

13.  Their  method  of  obtaining  barytes  in  a  state  of  purity, 
by  exposing  the  nitrate  of  barytes  to  a  red  heat  in  a  porcelain 
crucible,  is  a  good  one ;  and  is  by  far  the  easiest  way  to  pro- 
cure that  earth  in  a  state  of  tolerable  purity. 

14.  Their  theory  of  the  formation  of  sulphuric  ether,  by 
the  action  of  sulphuric  acid,  is  plausible ;  and  at  least  as 
likely  to  be  true  as  any  other  explanation  which  has  been 
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hitherto  offered ;  but  they  were  wrong  in  attempting  to  ex- 
tend that  theory  to  the  formation  of  ether  in  general.  We 
now  know  that  the  nitric,  and  muriatic,  and  acetic  ether,  are 
formed  in  quite  a  different  manner. 

15.  They  ascertained  by  experiment  that  the  three  liquids, 
known  by  the  names  of  pyromucous,  pyrolignous,  and  pyro- 
tartarous  acids,  are  nothing  else  than  vinegar  holding  in  solu- 
tion a  portion  of  empyreumatic  oil. 

16.  They  ascertained  the  presence  of  phosphate  of  mag- 
nesia in  the  bones  of  all  animals. 

1 7.  Their  experiments  upon  crude  platina  were  not  so  suc- 
cessful. They  detected  in  it  the  presence  of  a  new  metal. 
But  as  they  in  fact  confounded  the  two  metals  of  Tennant, 
the  osmium  and  iridium,  together,  all  their  observations  were 
either  erroneous,  or  so  conmsed  that  it  was  impossible  to  dis- 
entangle the  truth  from  them. 

18.  Their  experiments  on  the  bitter  principle  extracted 
from  indigo,  and  the  detonating  property  which  it  possesses, 
are  curious.  The  subject  was  carried  further  by  Hatchett 
and  Chevreul. 

19.  'They  were  unsuccessful  in  their  attempts  to  detect  the 
presence  of  fluoric  acid  in  bones  ;  though  this  was  afterwards 
successfully  executed  by  Bcrzelius. 

20.  They  discovered  a  quantity  of  uncombined  phosphorus 
in  the  melts  of  fishes.  They  showed  likewise  an  analogy  be- 
tween the  pollen  of  the  antherae  of  some  flowers,  and  the  se- 
minal fluid  of  animals. 

21.  They  detected  in  the  common  onion  the  presence  of  a 
considerable  quantity  of  saccharine  matter,  and  showed  by 
experiment,  that  this  saccharine  matter  was  converted  into 
manna  by  a  spontaneous  change  which  it  underwent.  They 
found,  at  the  same  time,  that  manna  is  incapable  of  undergoing 
the  vinous  fermentation,  and,  of  course,  that  it  does  not  yield 
alcohol. 

22.  They  ascertained  the  properties  of  animal  mucus,  and 
showed  that  it  differed  from  all  other  animal  substances. 

23.  These,  though  only  a  small  number  of  the  chemical 
papers  published  by  Fourcroy,  are  bv  far  the  most  important. 
We  have  no  means  of  determining  what  portion  of  each  be- 
longs to  Fourcroy,  and  what  to  V  auquelin ;  but  there  is  one 
merit,  at  least,  which  cannot  be  refused  Fourcroy,  and  it  is 
no  small  one.  He  formed  and  brought  forwards  Vauquelin, 
and  proved  to  him  ever  afterwards  a  most  steiady  and  inde- 
fatigable friend.    This  is  bestowing  no  small  panegyric  on 
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his  character ;  for  it  would  have  been  impossible  to  have  re* 
tained  such  a  friend  through  all  the  horrors  of  the  French  revo- 
lution, if  his  own  qualities  had  not  been  such  as  to  merit  so 
steady  an  attachment.  I  have  taken  no  notice  of  the  labours 
of  M.  de  Fourcroy  in  the  chemical  part  of  the  Encyclopedic 
Hethodique,  though  they  are  rather  voluminous,  because  ( 
conceive  them  of  inferior  importunce  to  those  which  1  have 
noticed. 


Art.  IL — On  the  Action  offinely-diviSed  Platinum  on  Gaseous 
Mixtures^  and  its  Application  to  their  Analysis.  By  William 
Henry,  M.  D.  F,  R.  S.     [Philos.  Trans.] 

Several  years  have  elapsed  since  the  President  of  the 
Royal  Society,  in  the  further  prosecution  of  those  researches 
on  flame  which  had  already  led  him  to  the  most  important 
practical  results,  discovered  some  new  and  curious  phaeuome- 
na  in  the  combustion  of  mixed  gases,  by  means  of  fine  wires 
of  platinum  introduced  into  them  at  a  temperature  below  ig- 
nition.   A  wire  of  this  sort  being  heated  much  below  the 
point  of  visible  redness,  and  immersed  in  a  mixture  of  coal 
gas  and  oxygen  gas  in  due  proportions,  immediately  became 
white-hot,  and  continued  to  glow  until  all  that  was  inflamma- 
ble in  the  mixture  was  consumed.    The  wire,   repeatedly 
taken  out  of  the  mixture  and  sufiered  to  cool  below  the  point 
of  redness,  instantly  recovered  its  temperature  ox:  being  again 
plunged  into  the  mixed  gases*  The  same  phenomena  were  pro- 
duced in  mixtures  of  oxygen  with  oleflant  gas,  with  carbonic 
oxide,  with  cyanogen,  and  with  hydrogen ;    and  in  the  last 
case  there  was  an  evident  production  of  water.    When  the  wire 
was  very  fine,  and  the  gases   had  been  mixed  in  eifplosive 
proportions,  the  heat  of  the  wire  became  sufiiciently  intense 
to  cause  them  to  detonate.     In  mixtures  which  were  non-ex- 
plosive from  the  redundancy  of  one  or  other  gas,  the  combina- 
tion of  their  bases  went  on  silently,  and  the  same  chemical 
compounds  were  formed  as  by  their  rapid  combustion. 

Facts  analagous  to  these  were  announced  in  the  autumn  of 
last  year  by  Professor  Doebereiner,  of  Jena,  with  this  addi- 
tional and  striking  circumstance, — that  when  platinum  in  a 
spongy  form  is  introduced  into  an  explosive  mixture  of  oxy- 

fen  and  hydrogen,  the  metal,  even  though  its  temjgerature 
ad  not  been  previously  raised,  immediately  glows,  and  cau- 
ses the  union  of  the  two  gases  to  take  place,  sometimes  si- 
lently, at  others  with  detonation.    It  is  remarkable,  however? 
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that  platinum  in  this  form,  though  so  active  on  mixtures  of 
oxygen  and  hydrogen,  produces  no  effect,  at  common  tempe- 
ratures, on  mixtures  of  oxygen  with  those  compound  gases, 
which  were  found  by  Sir  Humphry  Davy  to  be  so  readily 
acted  upon  by  the  heated  wire.  Carbonic  oxide  appears  in- 
deed, from  the  statement  of  MM.  Dulong  and  Thenard,  to  be 
capable  of  uniting  with  oxygen  at  the  temperature  of  the  at- 
mosphere, by  means  of  the  sponge ;  but  though  this  is  in 
strictness  true,  yet  the  combination,  in  all  the  experiments  I 
have  made,  has  been  extremely  slow,  and  the  due  diminution 
of  volume  has  not  been  completed  till  several  days  have 
elapsed.  On  mixtures  of  olefiant  gas,  of  carburetted  hydro- 
gen, or  of  cyanogen,  with  oxygen,  the  sponge  does  not  by 
any  duration  of  contact  exert  the  smallest  action  at  common 
temperatures. 

It  was  this  inefficiency  of  the  platinum  sponge  on  the  com- 
pounds of  charcoal  and  hydrogen  in  mixture  with  oxygen, 
while  it  acts  so  remarkably  on  common  hydrogen,  and  also, 
though  slowly,  on  carbonic  oxide,  that  suggested  to  me  the 
possibility  of  solving  by  its  means  some  interesting  problems 
in  gaseous  analysis.  I  hoped  more  especially  to  be  able  to 
separate  from  each  other  the  gases  constituting  certain  mix- 
tures, to  the  compositions  of  which  approximations  only  had 
been  hitherto  made,  by  comparing  the  phaenomena  and  results  , 
of  their  combustion  with  those  which  ought  to  ensue,  suppos- 
ing such  mixtures  to  consist  of  certain  hypothetical  propor- 
tions of  known  gases.  It  might,  for  instance,  be  expected  that 
from  a  mixture  of  hydrogen  and  carburetted  hydrogen  with 
oxygen,  the  platinum  sponge  would  cause  the  removal  of  the 
hydrogen,  leaving  the  carburetted  hydrogen  unaltered.  To 
ascertain  this  ana  a  variety  of  similar  facts,  I  made  artificial 
mixtures  of  the  combustible  gases  in  known  volumes ;  and 
submitted  them,  mixed  with  oxygen,  sometimes  to  contact 
with  the  sponge,  and  sometimes  with  the  balls  made  of  clay 
and  platinum,  described  by  Professor  Doebereiner. 

SECTION  I. 

ON  THE  ACTION  OF  FINELY-DIVIDED  PLATINUM  ON  GASEOUS  MIXTURES 

AT  COMMON  TEMPERATURES. 

1,  Mixtures  of  Hydrogen  and  Olefiant  Gases  with  Oxygen* 

When  to  equal  volumes  of  olefiant  gas,  and  an  explosive 
mixture  (which  is  to  be  understood,  whenever  it  is  so  named, 
as  consisting  of  two  volumes  of  hydrogen  and  one  of  oxygen 
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gases,)  one  of  the  platinum  balls,  recently  heated  by  the  blow- 
pipe, and  allowed  to  cool  during  eight  or  ten  seconds,  is  in- 
troduced through  mercury,  a  rapid  diminution  of  volume  takes 
place ;  the  whole  of  the  hydrogen  and  oxygen  gases  is  con- 
densed ;  but  the  olefiant  gas  is  either  not  at  all  or  very  little 
acted  upon.  In  a  few  experiments  when  the  tube  was  narrow, 
and  the  quantity  of  mixed  gases  small,  the  olefiant  gas  escaped 
cooibustion  entirely ;  but,  in  general,  an  eighth  or  tenth  of  it 
was  converted  into  water  and  carbonic  acid.  It  is  difficult, 
however,  to  state  the  precise  proportion  of  any  gas  which, 
when  added  to  an  explosive  mixture,  renders  the  latter  insen- 
sible to  the  action  of  the  balls  or  sponge ;  for  much  depends 
on  their  temperature  when  introduced  into  the  gaseous  mix- 
ture, the  diameter  of  the  containing  vessel,  and  other  circum- 
stances, which,  in  comparing  dinerent  gases,  should  be  so 
regulated  as  to  be  equal  in  every  case. 

When  the  proportions  of  the  gases  are  changed,  so  that  the 
explosive  mixture  exceeds  in  volume  the  olefiant  gas,  there  is 
a  more  decided  action  upon  the  latter,  manifested  by  an  in- 
creased production  of  carbonic  acid.  Thus,  for  example,  the 
explosive  mixture  being  to  the  olefiant  as  2^  to  1,  about  one- 
fourth  of  the  olefiant  gas  was  consumed  ;  and  by  increasing 
the  proportion  of  the  explosive  mixture  the  olefiant  gas  was 
still  more  acted  upon*  On  using  oxygen  sufficient  to  saturate 
both  the  hydrogen  and  the  olefiant  gases,  the  ball  acted  much 
more  rapidly.  In  several  instances  it  became  red-hot ;  all  the 
hydrogen  was  consumed ;  and  the  whole  of  the  olefiant  gas  was 
changed  into  water  and  carbonic  acid.  In  this  case  the  use  of 
the  sponge  is  inadmissible,  as  it  kindles  the  gases,  and  occasions 
their  detonation. 

2«  Mixtures  of  Hydrogen  and  Carburetttd  Hydrogen  Gases  zoith 

Oxygen. 

When  carburetted  hydrogen,  procured  from  stagnant  water, 
was  added  to  an  explosive  mixture,  in  various  proportions  be- 
tween equal  volumes,  and  ten  of  the  fonner  to  one  of  the  lat- 
ter, the  action  of  the  hydrogen  and  oxygen  on  each  other 
took  place  as  usual,  on  admitting  one  of  the  balls.  When, 
reversing  the  proportion,  the  explosive  mixture  was  made  to 
exceed  tne  carburetted  hydrogen,  but  not  more  than  four  or 
five  times,  the  latter  gas  was  entirely  unchanged.  With  a 
larger  proportion  of  the  explosive  mixture,  carbonic  acid  was 
always  found  to  have  been  produced ;    but  still  the  carbu- 
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retted  hydrogen  was  very  imperfectly  consumed ;  and  fully 
three-fourths  of  it  were  generally  found  to  have  escaped  un- 
burned. 

When  to  a  mixture  of  hydrogen  and  carburetted  hydrogen, 
oxygen  enough  was  added  to  saturate  both  gases,  the  effect  of 
the  sponge  was  found  to  vary  with  the  proportion  of  the  sim- 
ple hydrogen.  In  several  cases,  where  the  hydrogen  did  not 
exceed  the  carburetted  hydrogen  more  than  four  times,  the 
latter  gas  remained  unchanged ;  when  in  larger  proportion, 
there  was  a  decided  action  upon  the  carburetted  hydro&;en. 
But  it  was  much  more  easy  to  regulate  the  action  of  the  balls 
upon  such  a  mixture  so  as  to  act  upon  the  hydrogen  and  oxy- 
gen only,  than  in  the  case  of  olefiant  gas,  which,  under  similar 
circumstances,  is  always  more  largely  converted  into  water 
and  carbonic  acid. 

3.  Mixtures  of  Hydrogen  and  Carbonic  Oxide  vnth  Oxygen* 

The  addition  of  one  volume  of  carbonic  oxide  to  two  volumes 
of  an  explosive  mixture  produces  a  distinct  effect  in  jsuspend- 
ing  the  action  of  the  platinum  balls,  and  even  of  the  spongy 
metal  itself.  The  action  of  the  gases  upon  each  other  still, 
however,  goes  on  slowly,  even  when  the  carbonic  oxide  ex- 
ceeds the  explosive  mixture  in  volume  ;  and  after  the  lapse 
of  a  few  days  the  oxygen  is  found  to  have  disappeared,  and 
to  have  partly  formed  water,  and  partly  carbonic  acid.  I 
made  numerous  experiments  to  ascertain  whether  the  oxvgen  , 
under  these  circumstances  of  slow  combustion,  is  divided  be- 
tween the  carbonic  oxide  and  the  hydrogen  in  proportions 
corresponding  to  the  volumes  of  those  two  gases.  The  com- 
bustible gases  being  in  equal  volumes,  and  the  oxygen  suffi- 
cient to  saturate  only  one  of  them,  it  was  found  that  the  oxy- 
gen which  had  united  with  the  carbonic  oxide  was  to  that 
which  had  combined  with  the  hydrogen  as  about  5  to  1  in 
volume.  Increasing  the  carbonic  oxide,  a  still  larger  propor- 
tion of  oxygen  was  expended  in  forming  carbonic  acid.  On 
the  contrary,  when  the  hydrogen  was  increased,  a  greater 
proportional  quantity  of  oxygen  went  to  the  formation  of 
water.  But  it  was  remarkable,  that  when  the  hydroejen  was 
made  to  exceed  the  carbonic  oxide  four  or  five  times,  less 
oxygen  in  the  whole  was  consumed  than  before ;  the  activity 
of  the  carbonic  oxide  appearing  to  have  been  diminished, 
without  a  corresponding  increase  in  that  of  the  hydrogen. 

In  cases  where  the  proportion  of  the  carbonic  oxide  to  the 
explosive  mixture  was  intentionally  so  limited  that  the  plati- 
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num  ball  was  capable  of  immediately  acting  upon  the  latter, 
the  carbonic  oxide  was  always  in  part  changed  into  carbonic 
acid,  the  more  abundantly  as  its  volume  was  exceeded  by 
that  of  the  explosive  mixture.  Increasing  the  oxygen,  so 
that  it  was  adequate  to  saturate  both  gases,  and  causing  the 
hydrogen  to  exceed  the  carbonic  acid  in  volume,  a  speedy 
action  was  always  exerted  bv  the  ball,  and  the  whole  of  the 
combustible  gases  was  silently  converted  into  water  and  car- 
bonic acid.  The  introduction  of  the  platinum  sponee  into 
such  a  mixture  was  almost  always  founa  to  produce  detona- 
tion. 

4.  Mixtures  of  Hydrogen  and  Cyanogen  with  Oxygen. 

When  one  of  the  platinum  balls,  after  being  recently  heated, 
is  intix>duced  into  cyanogen  and  explosive  mixture  in  equal 
volumes,  no  apparent  action  takes  place.  With  half  a  volume 
of  cyanogen  there  is  a  slight  diminution  ^  and  as  we  reduce 
the  proportion  of  that  gas,  the  action  of  the  elements  of  the 
explosive  mixture  on  each  other  becomes  more  and  more  dis- 
tinct. There  is  not,  however,  as  with  carbonic  oxide,  any 
production  of  carbonic  acid;  but  in  the  course  of  a  few  min- 
utes, the  inside  of  the  tube  becomes  coaled  with  a  brownish 
substance,  soluble  in  water,  and  communicating  to  it  the  same 
colour;  having  a  smell  resembling  that  of  a  burnt  animal 
substance,  and  yielding  amiiu>nia  on  the  addition  of  a  drop 
or  two  of  liquid  potash.  It  was  produced  in  too  small  a  quan- 
tity to  enable  me  to  submit  it  to  a  more  minute  examination  ; 
but  its  characters  appeared  to  resemble  those  of  a  product 
obtained  by  M.  Gay-Lussac  by  mixing  cyanogen  with  ammo- 
aiacal  gas. 

If  oxygen  be  added  to  a  mixture  of  hydrogen  and  cyano- 
gen, in  quantity  sufficient  to  saturate  both  the  gases,  it  is  still 
necessary,  in  order  that  an  immediate  effect  should  be  pn^- 
duced  by  the  sponge,  that  the  hydrogen  should  exceed  the 
cyanogen  in  volume.  A  decided  action  then  takes  place ;  an 
immediate  absorption  ensues ;  fumes  of  nitrous  acid  vapour 
appear,  which  act  on  the  surface  of  the  mercury;  and  after 
removing  the  nitrous  acid  by  a  drop  or  two  of  water,  and 
transferring  the  gas  into  a  dry  tube,  carbonic  acid  is  found  to 
have  been  produced,  equivalent  in  volume  to  double  that  of 
the  cyanogen. 

Bost.  Jour.  Oct,  1825.     3 
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5.  Effect  of  adding  various  other  Oases  to  an  Explosive  Mixture 

of  Hydrogen  and  Oxygen. 

It  had  l^een  already  ascertained  by  Professor  Doebereiner^ 
ibat  one  volume  of  oxygen  diluted  with  99  volumes  of  nitro- 
gen is  still  sensible,  when  mixed  with  a  due  proportion  of  hy- 
drogen, to  the  action  of  the  sponee^  Carbonic  acid  also,  even 
(I  find)  when  it  exceeds  the  explosive  mixture  ten  times,  re- 
tards only  in  a  slight  degree  the  energy  of  the  sponge.  Oxy- 
gen, hydrogen,  and  nitrous  oxide  gases,  when  employed  to 
ailute  an  explosive  mixture,  are  equally  inefficient  in  prevent- 
ing the  mutual  action  of  its  ingredients.  Ammonia  may  be 
added  in  ten  times  the  volume  of  the  explosive  mixture,  and 
muriatic  acid  gas  in  six  times  its  volume,  with  no  other 
effect  than  that  of  rendering  the  action  of  the  sponge  less 
speedy. 

6.  Mixtures  of  Carbonic  Oxide  and  Carburetted  Hydrogen  voiih 

Oxygen. 

When  mixtures  of  these  gases  are  exposed  to  the  sponge, 
the  carburetted  hydrogen  seems  to  stand  entirely  neutral. 
The  carbonic  oxide  is  converted  into  carbonic  acid,  in  th6 
same  gradual  manner  as  if  it  had  been  mixed  with  oxygen 
only ;  and  the  carburetted  hydrogen  remains  unaltered. 

7.  Mixtur-es  of  Hydrogen^  CarhwreHtd  Hydrogen,^  and  Carhonie 

Oxide  with  Oxygen* 

In  mixtures  of  these  gases,  it  is  of  little  consequence  wheth- 
er the  oxygen  be  sufficient  for  the  hydrogen  and  carbonic 
oxide  only,  or  be  adequate  to.  the  saturation  of  all  three. 
The  circumstance  which,  has  the  greatest  influence  on  the 
results  of  exposing  sqch  mixtures  to  the  sponge,  is  the  propor- 
tion which  the  simple  hydrogen  bears  to  the  other  gases,  and 
especially  to  the  carbonic  oxide ;  for  in  order  that  tnere  may 
be  any  immediate  action,  the  former  should  exceed  the  latter 
in  volume.  In  that  case  the  hydrogen  is  converted  into  wa* 
ter,  and  the  carbonic  oxide  into  carbonic  acid ;  but  the  car- 
buretted hydrogen,  unless  the  excess  of  hydrogen  be  very 
considerable,  remains  unaltered.  If  the  proportion  of  hydro- 
gen be  so  small  that  no  immediate  action  is  excited  by  the 
sponge,  the  ingredients  of  the  mixture  nevertheless  act  slowly 
upon  each  other;  and  after  a  few  days  the  whole  of  the  hy- 
drogen and  carbonic  oxide  are  found  to  have  united  with 
oxygen,  and  the  carburetted  hydrogen  to  remain  of  its  ori- 
ginal volume. 
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S.  JlSxiura  ofHydn^en^  Carbonic  OsBtdt,  and  OUfiant  Gas€» 

with  Oxygen. 

When  the  oxygen,  in  a  mixture  of  these  gases,  is  sufficient 
to  saturate  the  two  first  only,  and  the  proportion  of  hydrogen 
is  so  adjusted  that  the  action  of  the  sponge  is  not  very  ener- 

fetic,  the  hydrogen  and  carbonic  oxiae  only  are  acted  upon ; 
ut  if  the  diminution  of  volume,  which  the  sponge  produces, 
be  rapid  and  considerable,  part  of  the  olefiant  gas  is  convert- 
ed into  water  and  carbonic  acid.  This  effect  on  olefiant  gas 
takes  place  still  more  readily  if  the  oxygen  present  be  ade- 
quate to  the  saturation  of  all  three  combustible  gases- 
It  is  remarkable,  that  if  to  a  mixture  of  hydrogen,  carbonic 
oxide,  and  oxygen,  in  such  proportions  that  the  sponge  would 
act  rapidly  in  producing  combination,  olefiant  eas  be  added, 
the  action  of  the  gases  on  each  other  is  suspended.  Thus  30 
measures  of  carbonic  oxide,  31  of  hydr<^en,  and  30  of  oxy- 
gen, were  instantly  acted  upon  by  the  sponge ;  but  the  adai- 
tion  of  30  measures  of  olefiant  gas  to  a  similar  mixture  en- 
tirely suspended  its  efiiciency.  By  standing  fourteen  days, 
rather  more  than  half  the  carbonic  oxide  was  acidified,  and 
about  one-twelfth  of  the  hydrogen  was  changed  into  water, 
but  the  olefiant  gas  remained  unaltered* 

9.  Mixiurte  rfHydrogm^  Carbonic  Oxide^  CarburtUed  Hydrth 
gen^  and  OUfieM  Goats  wUh  Oxygen* 

In  ntixtores  of  these  Iouf  gases  with  oxygen^  it  was  found 
by  varring  the  proporfionf  of  bydrogen,  tSaC  hydrogen  and 
carbonic  oxide  are  most  easily  acted  upon ;  then  defiant  gas ; 
and  catburetteci  bydrogcti  with  the  greatest  difiicalty.  When 
the  action  of  tbcr  sponge  was  moderate,  only  the  hydrogen 
and  carbonic  oxide  were  consomed,  or  at  most  the  olefiant 
gas  was  but  partially  acted  iipon;  Adding  m#re  hydrogen, 
so  as  to  occasion  a  more  rapid  Aoiinution,  the  olefiant  gas 
also  was  burned ;  but  the  carb«nretted  hydrogen  ahrays  es- 
caped combusdohY  unless  the  hydrogen*  were  in  such  propor- 
tion that  the  baH  or  sponge  became  red-hot. 

Prom  the  facts  whfeb  have  been  stated,  it  appears  that 
frhen  the  compound  combustible  gases,  mixed  with  each  other, 
vrkh  hydrogen,  and  with  oxvgen,  are  exposed  to  the  platinum 
balls  or  sponge,  tbe  several  gases  are  not  acted  upon  with 
equal  facility ;  but  that  carbonic  oxide  is  most  disposed  to 
unite  witb  oxygen  ;  then  olefiant  gas ;  and  lastly,  carburetted 
hydrogen.  By  (hie  regulation  of  the  proportion  of  h^dro^en, 
k  is  posaiUe  to  change  the  whole  of  the  carbonic  oxide  mto 
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carbonic  acid  without  acting  on  the  olefiant  gas  or  carburetted 
hydrogen.  With  respect  indeed  to  olefiant  gas,  this  exclusion 
is  attended  with  some  difficulty,  and  it  is  generally  more  or 
less  converted  inio  carbonic  acid  and  water.  But  ii  is  easy, 
when  olefiant  gas  is  absent,  so  to  regulate  the  proportion  of 
hydrogen,  that  the  carbonic  oXide  may  be  entirely  acidified, 
and  the  whole  of  the  carburetted  hvdrogen  be  left  unaltered. 
This  will  generally  be  found  to  nave  been  accomplished, 
^'hen  the  platinum  ball  has  occasioned  a  diminution  of  the 
mixture,  at  about  the  same  rate  as  atmospheric  air  is  dimin* 
ished  by  nitrous  gas  when  the  former  is  admitted  to  the  latter 
in  a  narrow  tube. 

SECTION  IL 

On  the  Effect  of  finely-divided  Platinum  on  Gaseous  Mixtures  at 

increased  Temperatures* 

The  effect  of  varying  the  proportion  of  free  hydrogen  to 
the  compound  combustible  gases,  on  the  degree  of  action 
which  is  excited  by  the  platinum  sponge,  will  perhaps  admit 
of  being  explained,  by  examining  the  facts  that  have  been 
stated,  in  connexion  with  the  degrees  of  combustn)ility  of  the 
compound  gases  under  ordinary  circumstances.  The  precise 
degree  of  temperature  at  which  any  one  of  them  burns  is  not 
known,  on  account  of  the  imperfection  of  our  present  methods 
of  measuring  high  degrees  of  heat.  It  has  been  ascertained, 
however,  by  Sir  Humphry  Davy,  that  at  a  heat  between  that 
of  boiling  mercury  and  that  which  renders  glass  luminous  in 
the  dark,  hydrogen  and  oxygen  gases  unite  silently,  and  with- 
out any  light  being  evolved ;  that  carbonic  oxide  is  as  inflam- 
mable as  hydrogen  ;  that  olefiant  gas  is  fired  by  iron  and 
charcoal  heated  to  redness ;  but  that  carburetted  hydrogen, 
to  be  inflamed,  requires  that  the  wire  should  be  white-hot. 
Now  this  is  precisely  the  order  in  which  the  three  compound 
gases  require  hydrogen  to  be  added  to  them,  in  order  to  be 
rendered  susceptible  of  being  acted  upon  by  the  platinum 
sponge ;  carbonic  oxide  being  acted  upon  with  the  smallest 
proportion  of  hydrogen,  olefiant  gas  requiring  more  hydrogen^ 
and  carburetted  hydrogen  a  still  larger  proportion.  It  is  ex- 
tremely probable  then,  that  the  temperature,  produced  by  the 
union  of  the  hydrogen  and  oxygen  forming  part  of  any  mix- 
ture, is  the  circumstance  which  determines  the  combustible 
fases  to  unite,  or  not,  with  oxygen,  by  means  of  the  sponge, 
t  was  desirable,  however,  to  ascertain  the  exact  temperature 
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at  which  each  of  those  three  gasses  unites  wilh  oxygen  with 
the  intervention  of  the  spongy  platinum.  For  this  purpose 
the  gases,  mixed  with  oxvgen  enough  to  saturate  them,  were 
severally  exposed  in  smalfretorts  containing  a  platinum  sponge, 
and  immersed  in  a  mercurial  bath,  to  a  temperature  which 
was  gradually  raised  till  the  gases  began  to  act  on  each  other. 
In  this  way  the  following  facts  were  determined. 

1st.  Carbonic  oxide  began  to  be  converted  into  carbonic 
acid  at  a  temperature  between  300®  and  310°  Fahrenheit* 
By  raising  the  temperature  to  340^  and  keeping  it  at  that 
point  for  10  or  15  minutes,  the  whole  of  the  gas  was  acidified, 
the  condensation  of  volume  in  the  mixture  being  equivalent  to 
the  oxygen  which  had  disappeared, 

2d.  Olefiant  gas,  mixed  with  sufficient  oxygen,  and  in  con* 
tact  with  the  sponge,  showed  a  commencement  of  decomposi- 
tion at  480^  Fahrenheit,  and  was  slowly  but  entirely  changed 
into  carbonic  acid  by  a  temperature  not  exceeding  520°  Fah- 
renheit. MM.  Dulong  and  Thenard  state  the  same  change  to 
take  place  at  300°  Cent.  =  572°  Fahrenheit ;  but  having  re- 
peated the  experiment  several  times,  I  find  no  reason  to  devi- 
ate from  the  temperature  which  I  have  assigned. 

3d.  Carburetted  hydrogen,  exposed  under  the  same  cir- 
cumstances, was  not  in  the  least  acted  upon  by  a  temperature 
of  555®  Fahrenheit,  the  highest  to  which,  by  ah  Argand^s 
lamp,  I  was  able  to  raise  the  mercurial  bath.  This,  however, 
must  have  been  near  the  temperature  required  for  combina- 
tion ;  for  on  removing  the  retort  from  the  mercurial  bath,  and 
applying  a  spirit  lamp,  at  such  a  distance  as  not  to  make  the 
retort  red-hot,  a  diminution  of  volume  commenced,  and  con- 
tinued till  all  the  carburetted  hydrogen  was  silently  converted 
into  water  and  carbonic  acid. 

4th.  Cyanogen,  similarly  treated,  was  not  changed  at  a 
temperature  of  555°  Fahrenheit ;  and  on  applying  the  flame 
of  a  spirit  lamp  to  the  tube,  it  produced  no  action  till  the  tube 
began  to  soften. 

5th.  Muriatic  acid  gas,  mixed  with  half  its  volume  of  oxy- 
gen, began  to  be  acted  upon  at  250®  Fahrenheit.  Water  was 
evidently  formed ;  and  the  disengaged  chlorine,  acting  upon 
the  mercurial  vapour  in  the  tube,  formed  calomel,  which  was 
condensed,  and  coated  its  inner  surface. 

6th.  Ammoniacal  gas,  mixed  with  an  equal  volume  of  oxy- 
gen, showed  a  commencement  of  decomposition  at  380^  Fali- 
renheit.    Water  was  also  in  this  case  distinctly  generated ; 
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and  at  the  close  of  the  experiment  nothing  remained  in  the 
tube  but  nitrogen  and  the  redundant  oxygen. 

I  proceeded,  in  the  next  place,  to  examine  the  agency  of 
finely-divided  platinum  at  high  temperatures,  on  those  mix- 
tures of  gases,  which  are  either  not  decomposed,  or  are  slowly 
decomposed,  at  the  temperature  of  the  atmosphere. 

When  carbonic  oxide  and  hydrogen  gases,  in  equal  volomes, 
mixed  with  oxygen  sufficient  to  saturate  only  one  of  them, 
were  placed  in  contact  with  the  sponge,  and  gradually  heated 
in  a  mercurial  bath,  the  mixture  ceased  to  expand  between 
300^  and  310^  Fahrenheit,  and  soon  began  to  aiminish  in  vo- 
lume. On  raising  the  temperature  to  340^,  and  keeping  it 
some  time  at  that  point,  no  farther  diminution  was  at  length 
perceptible.  From  the  cjuantity  of  carbonic  acid  remainmg 
at  the  close  of  the  expenment,  it  appeared  that  four-fifths  <» 
the  oxygen  had  united  with  the  carbonic  oxide,  and  only  one- 
fifth  with  the  hydrogen.  When  four  volumes  oi  hydrogen, 
two  of  carbonic  oxide,  and  one  of  oxygen,  were  similarly 
treated,  the  hydrogen,  notwithstanding  its  greater  proportional 
volume,  was  still  found  to  have  taken  only  one-fifth  of  the 
oxygen,  while  four-fifths  had  combined  with  the  carbonic 
oxKie.  These  facts  show  that  at  temperatures  between  300^ 
and  340^  Fahrenheit,  the  affinity  of  carbonic  oxide  for  oxy^ 
gen  is  decidedly  superior  to  that  of  hydrogen ;  as,  from  the 
experiments  before  described,  appears  to  be  the  case,  also  at 
common  temperatures. 

But  a  similar  distribution  of  oxygen,  between  carbonic  oxide 
and  hydrogen,  does  not  take  place,  when  those  three  gases 
are  fired  together  by  the  electric  spark.  This  will  appear 
from  the  following  tal)le,  in  which  the  three  first  columne  show 
the  quantities  of  gases  that  were  fired,  and  the  two  last,  the 
quantities  of  oxygen  that  were  found  to  have  united  with  the 
carbonic  oxide  and  with  the  hydrogen. 

Before  Firing.  After  Firing, 

Measure  of       Measure  of       Measure  of 
Garb.  Oxide.      Hydrogen.  Oxygen. 

■   Exp.  1.         40    ...     40      ...      20 

2.  40    ...    20     ...     ^0 

3.  20    ...    40     ...     20 

When  equal  volumes  of  carbonic  oxide  and  hydrogen  gases, 
mixed  with  oxygen  sufficient  to  saturate  only  one  of  them, 
were  exposed  in  a  glass  tube  to  the  flame  of  a  spirit  lamp, 
without  the  presence  of  the  sponge,  till  the  tube  began  to  soit- 


Oxy|»n  to       Oxygen  !• 
Carb.  Oxide.      Hydrogen. 

6     .  .  .      14 

12     .  .  .        8 

5     .  .  .      15 


bjf  Means  of  Dab€r€iner*s  Eudiometer*  S3 

en,  the  combination  of  the  gases  was  effected  without  explo- 
sion, and  was  merely  indicated  by  a  diminution  of  volume 
and  an  oscillatory  motion  of  the  mercury  in  the  tube.  At  the 
close  of  the  experiment,  out  of  twenty  volumes  of  oxygen, 
eight  were  found  to  have  united  with  the  carbonic  oxide,  and 
twelve  with  the  hydrogen — ^proportions  which  do  not  materi- 
ally differ  from  the  results  of  the  first  experiment  in  the  fore- 
fomg  table.  At  high  temperatures,  then,  the  attraction  of 
ydrogen  for  oxygen  appears  to  exceed  that  of  carbonic 
oxide  for  oxygen;  at  lower  temperatures,  especially  when 
the  gases  are  in  contact  with  the  platinum  sponge,  the  reverse 
takes  place,  and  the  affinity  of  carbonic  oxioe  for  oxygen 
prevails. 

Extending  the  comparison  to  the  attraction  of  olefiant  and 
hydrogen  gases  for  oxygen  at  a  red  heat,  I  found  that  when 
six  volumes  of  olefiant,  six  of  hydrogen,  and  three  of  oxygen 
were  heated  by  a  spirit  lamp  till  the  tube  softened,  a  silent 
combination  took  place  as  before ;  all  the  oxygen  was  con- 
sumed, but  only  half  a  volume  had  been  expended  in  forming 
carbonic  acid,  which  indicates  the  decomposition  of  only  one 
quarter  of  a  volume  of  olefiant  gas.  On  attempting  a  similar 
comparison  between  carbonic  oxide  and  olefiant  gas,  by 
heating  them  with  oxygen  in  the  same  proportions,  tne  mix- 
ture exploded  as  soon  as  the  glass  became  red-hot,  and  burst 
the  tube. 

The  property  inherent  in  certain  eases,  of  retarding  the  ac- 
tion of  the  platinum  sponge,  when  they  are  added  to  an  ex« 
plosive  mixture  of  oxygen  and  hydrogen,  is  most  remarkable 
m  those  which  possess  the  strongest  attraction  for  oxygen ; 
and  it  is  probably  to  the  degree  of  this  attraction  rather  than 
to  any  agency  arising  out  of  their  relations  to  caloric,  that 
we  are  to  ascribe  the  various  powers  which  the  eases  mani- 
fest in  this  respect.  This  will  appear  from  the  following  taUe 
the  first  column  of  which  shows  the  number  of  volumes  of 
each  gas  required  to  render  one  volume  of  an  explosive  mix- 
ture of  hydrogen  and  oxygen  uninflammable  by  the  discharge 
of  a  Leyden  jar;  while  the  second  column  shows  the  number 
of  volumes  of  each  gas  necessary  in  some  cases  to  render  one 
volume  of  an  explosive  mixture  insensible  to  the  action  of 
the  sponge,  and  in  other  cases  indicates  the  number  which 
may  be  added  without  preventing  immediate  combination. 
In  the  first  column,  the  numbers  marked  with  an  asterisk  were 
determined  by  Sir  Humphry  Davy ;  the  remaining  numbera 
in  that  column,  and  the  whole  of  the  second,  are  derived  firom 
my  own  experiments. 
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1  vol.  of  Explosive  Mixture  was  render- 
ed incapable  of  being  inflamed  by  eleo- 
'    tricity  when  mixed  with 

♦About  8  vol.  of  Hydrogen 
6  Nitrogen 

*  9  Oxygen 

*  11  Nitrous  Oxide 

1.5         Cyanogen 

*  1  Carb«*.  Hyd. 

4  Carb«.  Oxide 

*  0.5         Olefiant  Gas 

*  2  Muriatic  Acid 

5  Ammonia 


Effipct  of  adding  the  same  gases  to  1  vol. 
of  Explosive  Mixture  on  the  action  of 
the  sponge. 

not  prevented  by  many  vol. 

ditto. 

not  prevented  by  10  vol. 

ditto. 

prevented  by  1  vol. 

DOt  prevented  by  10  vol. 

prevented  by  |  vol. 

prevented  by  1*5  vol. 

not  prevented  by  6  vol. 

not  prevented  by  10  vol. 


3  Carbonic  AcidI  ditto. 

From  the  foregoing  table  it  appears  that  carbonic  oxide 
produces  the  greatest  effect,  in  tne  smallest  proportion,  to  an 
explosive  mixture  of  oxygen  and  hydrogen,  in  preventing  the 
action  of  those  gases  on  each  other,  when  exposed  to  the 
sponge  at  temperatures  below  the  boiling  point  of  mercury. 
In  general  those  gases  which  either  do  not  unite  with  oxygen, 
or  unite  with  it  only  at  high  temperatures,  have  little  effect  in 
restraining  the  efficiency  of  the  sponge.  There  is  an  appar- 
ent exception,  however,  in  cyanogen,  which  it  would  require 
more  research  than  I  have  yet  had  time  to  devote  to  an  ob- 
ject merely  collateral,  to  reconcile  it,  if  it  be  capable  of  being 
reconciled  with  the  general  principle. 

From  the  fact  that  carbonic  oxide,  olefiant  gas,  and  carbu- 
retted  hydrogen,  when  brought  to  unite  with  oxygen  by  means 
of  the  platinum  sponge,  assisted  by  heat,  undergo  this  change 
at  different  temperatures,  it  seemed  an  obvious  conclusion, 
that  by  exposing  a  mixture  of  those  gases  with  each  other  and 
with  oxygen  to  a  regulated  temperature,  the  correct  analysis 
of  such  mixtures  might  probably  beaccomplished«  Mixtures 
of  two  or  more  of  the  combustiole  gases  were  therefore  ex- 
posed, in  contact  with  oxygen  gas  and  the  platinum  sponge, 
m  tubes  bent  into  the  shape  of  retorts,  which  were  immersed 
in  a  mercurial  bath.  This  bath  was  gradually  heated  to  the 
required  temperatures,  and  by  proper  management  of  the 
source  of  heat  was  prevented  from  rising  above  that  degree. 

1st.  By  subjecting  25  measures  of  carbonic  oxide,  15  of 
olefiant  gas,  and  57  of  oxygen,  in  contact  with  the  sponge,  to 
a  heat  which  was  not  allowed  to  exceed  350°  Fahrenheit  till 
the  diminution  of  volume  ceased  all  the  carbonic  oxide  was 
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converted  into  carbonic  acid,  and  the  olefiant  gas  remained  in 
its  original  volume* 

2d^  Bj  exposing  in  a  similar  manner  20  measures  of  car- 
bonic oxide,  21  .of  carburetted  hydrogen,  and  36  of  oxygen, 
to  a  temperature  below  400^  Fahrenheit,  the  carbonic  oxide 
was  entirely  acidified ;  and  on  welshing  out  the  carbonic  acid 
by  liquid  potash,  the  carburetted  hydrogen  was  found  unalter^ 
ed,  mixed  with  the  redundant  oxygen. 

3d.  A  mixture  of  10  measures  of  olefiant  gas,  10  of  car- 
buretted hydrogen,  and  58  of  oxygen,  bein^  heated  in  contact 
with  the  sponge  to  510°  Fahrenheit,  the  olefiant  gas  was  si- 
lently but  entirely  changed  into  carbonic  acid,  while  the  car- 
buretted hydrogen  was  not  at  all  acted  upon. 

4th.  By  acting  with  the  sponge  upon  42  measures  of  car- 
buretted hydrogen,  22  of  carbonic  oxide,  22  of  hydrogen,  and 
28  of  oxygen,  first  at  a  temperature  of  340°  Fahrenheit, 
which  was  raised  gradually  to  480°,  all  the  carbonic  oxide 
was  changed  into  carbonic  acid,  and  all  the  hydrogen  into 
water  \  but  the  carburetted  hydrogen  remained  undiminished 
in  quantity,  and  was  found,  after  removing  the  carbonic  acid, 
mixed  only  with  the  redundant  oxygen.  In  this  experiment 
the  diminution  of  volume  had  continued  some  time  before 
there  was  any  perceptible  formation  of  water,  the  attraction 
of  carbonic  oxide  for  oxygen  appearing  to  prevail  over  that 
of  hydrogen.  The  same  precedency  in  the  formation  of  car- 
bonic acid  is  always  apparent  when  carbonic  oxide  and  hy- 
drogen, mixed  even  with  oxygen  enough  to  saturate  both  gas- 
es, are  raised  to  350°  Fahrenheit. 

By  thus  carefully  regulating  the  temperature  of  the  mercu- 
rial bath,  the  action  of  oxygen  upon  several  gases  (carbonic 
oxide,  olefiant,  and  carburretted  hydrogen,  for  example,)  may 
be  made  to  take  place  in  succession ;  and  by  removing  the 
carbonic  acid  formed  at  each  operation,  it  may  be  ascertained 
tow  much  of  each  of  the  two  first  gases  has  been  decomposed* 
The  carburetted  hydrogen  indeed  always  remains  unchang- 
ed, and  its  quantity  must  be  determined  by  firing  it  with  oxy^ 
gen  by  the  electric  spark*  If  hydrogen  also  be  present,  it  is 
difficult  to  prevent  the  olefiant  gas  from  being  partially  acted 
upon ;  but  this  is  of  little  conseauence,  as  I  haa  shown  that  it 
is  easy  to  remove  that  gas  in  tne  first  instance  by  chlorine. 
It  may  be  remarked,  that  this  method  of  operating  on  the  aeri- 
form compounds  of  charcoal  gives  more  accurate  results  than 
rapid  combustion  by  the  electric  spark,  being  never  attend- 
ed with  that  precipitation  of  charcoal  which  is  often  observed 
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when  the  eases  are  exploded  with  oxygen.  A  regulated  tem- 
perature also  effects  the  analysis  of  &uch  mixtures  much  more 
correctly  than  the  action  of  the  sponge  or  balls,  because  in 
the  latter  case  the  heat  produced  is  uncertain ;  and  though 
sometimes  adequate  to  the  effect,  yet  there  is  always  a  risk 
that  it  may  exceed  or  fall  short  of  that  degree  which  is  re- 
quired for  the  successful  result  of  the  analytic  process. 


From  the  facts  which  have  been  stated,  I  derive  a  method 
of  obtaining  carburetted  hydrogen  gas  perfectly  free  from 
plefiant  gas,  hydrogen,  and  carbonic  oxiae,  and  mixed  only 
with  a  little  oxygen,  which,  had  it  been  necessary  to  my  pur- 
pose, might  also  have  been  separated.  The  early  product 
of  the  distillation  of  pit-coal  was  washed  with  a  watery  solu- 
tion of  chlorine,  and  afterwards  with  liquid  potash  to  remove 
a  little  chlorine  that  arose  into  the  gas  from  the  solution. 
The  residuary  gas  was  next  heated  with  one  fourth  of  its  vol- 
ume of  oxygen  at  the  temperature  of  350°  Fahrenheit,  in 
contact  with  the  sponge,  which  converted  the  carbonic  oxide 
into  carbonic  acid,  and  the  hydrogen  into  water.  The  car- 
bonic acid  being  removed  by  liquid  potash,  there  remained 
only  the  carburetted  hydrogen,  the  redundant  oxygen,  and  a 
very  minute  quantity  of  nitrogen  introduced  by  the  latter  gas. 
Hitherto  I  have  prepared  this  eas  only  in  a  small  quantity  ; 
but  it  would  be  easy  to  extend  tne  scale  of  the  operation,  and 
to  remove  the  excess  of  oxygen  by  obvious  methods. 

SECTION  m. 

Application  of  the  Facts  to  the  Analysis  of  Mixtures  of  the  coror 
oustible  Gases  in  unknovm  Proportions. 

At  an  early  period  of  the  investigation  described  in  the 
first  section,  I  proceeded  to  apply  the  facts  of  which  I  wai^ 
then  possessed,  to  the  analysis  of  a  mixture  of  gases  in  un- 
known proportions.  For  this  purpose,  I  caused  a  quantity  of 
gas  to  be  collected  from  coal,  by  continuing  the  application 
of  heat  to  the  retorts  two  hours  beyond  the  usual  period  and 
receiving  the  gas  into  a  separate  vessel*  Gas  of  this  quality 
was  purposely  chosen,  because  from  former  experience  I  ex- 
pected it  to  contain  free  hydrogen,  carbonic  oxide,  and  car- 
Duretted  hydrogen,  but  no  olenant  gas ;  the  production  of 
which  is  confined  to  the  early  stages  of  the  process.  After 
washing  it,  therefore,  with  liquid  potash,  to  remove  a  little 
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carbonic  acid,  and  ascertaining  its  specific  gravity,  when  thus 
washed,  to  be  308, 1  proceeded  at  once  to  subject  it  to  the 
new  n^ethod  of  analysis. 

flMffng  ascertained  by  a  previous  experiment  with  Volta's 
euAloiiieter  that  10  volumes  of  the  gaa  required  for  saturation 
9  volumes  of  oxygen,  I  mixed  43  measures  with  43  of  oxygen 
(=  4]  pure),  and  passed  a  platinum  ball,  which  had  been  re- 
cently heated,  into  the  mixture.  An  immediate  diminution 
of  volume  took  place,  attended  with  a  f)roduction  of  heat  and 
formation  of  moisture.  The  residuary  sas,  cooled  to  the  tem- 
perature of  the  atmosphere,  measured  43*5  volumes.  Of 
these,  4*5  were  absorbed  by  liquid  potash,  indicating  4*5  caiv 
bonic  acid,  eauivalent  to  4*5  carbonic  oxide ;  the  rest,  being 
fired  in  a  Yolta^s  eudiometer,  with  an  additional  quantity  erf 
oxygen,  gave  1 1  volumes  of  carbonic  acid ;  the  diminution 
being  32  volumes,  and  the  oxygen  consumed  22  also— <:ircura- 
stances  which  prove  that  1 1  volumes  of  carburetted  hydro- 
gen were  consumed  by  this  rapid  combustion.  But  of  the 
u>66  €i  volume  first  observed  (viz.  86  —  43*5  =  42*5),  2*25 
are  due  to  the  carbonic  acid  formed ;  and  deducting  this 
from  42*5  we  have  40*25,  which  are  due  to  the  oxygen  and 
hydrogen,  converted  into  watery  and  40*25  X  |  =  26*(^ 
shows  the  hydrogen  in  the  original  gas«  But  the  sure  of 
these  numbers  (26*8  +  4*5+11)  being  less  by  0*7  than  the 
volume  of  gas  submitted  to  analysis,  we  may  safely  consider 
that  fraction  of  a  measure  to  have  been  nitrogen.  The  com- 
position then  of  the  mixture  will  stand  in  volumes  as  follows : 
Hydrogen  .  .  ^  .  268  62*32 
Carbonic  oxide  •  ..  •  •  4*5  10*50 
Carburetted  hydrogen  .  •  11  *0  25.56 
Nitrogen 0*7  1*62 

43.0         100.0 

On  calculating  what  should  be  the  specific  gravitv  of  a 
mixture  of  gases  in  the  above  proportions,  it  was  found  to  be 
303 ;  which  coincides  as  nearly  as  can  be  expected  with  the 
actual  specific  gravity  of  the  gas  submitted  to  analysis,  viz. 
308.  To  place  the  correctness  of  the  results  bejFond  question, 
I  mingled  the  gases  in  the  above  proportions,  and  acted  on 
the  artificial  mixture  in  the  same  manner  as  on  the  original 
gas ;  when  I  had  the  satisfaction  to  find  that  the  analytical 
process  again  gave  the  true  volumes  with  the  most  perfect 
correctness  for  the  hydrogen  and  carbonic  oxide,  and  within 
the  fraction  of  a  measure  for  the  carburetted  hydrogen.    Not- 


28  Dt  Henry  en  DcAereiner^s  Eudiometer* 

withstanding  this  successful  result,  which  was  twice  obtained^ 
I  should  still  prefer,  for  the  reason  which  has  been  stated, 
having  recourse  to  a  temperature  carefully  regulated,  for  the 
analysis  of  similar  mixtures,  in  all  cases  where  the  hydrogen 
is  in  moderate  proportion,  and  where  great  accuracy  is  dteir- 
able.  Whenever  (it  may  again  be  remarked)  olenant  gas  is 
present  in  a  mixture,  it  should  always  be  removed  by  chlo- 
rine before  proceeding  to  expose  the  mixture  to  the  agency  of 
the  spongy  metah 

It  can  scarcely  be  necessary  to  enter  into  further  details 
respecting  methods  of  analysis,  the  application  of  which  to 
particular  cases  must  be  sufficiently  obvious  from  the  exper- 
iments which  have  been  described  on  artificial  mixtures.  The 
apparatus  required  is  extremely  simple,  consisting,  when  the 
balls  are  employed,  of  graduated  tubes  of  a  diameter  between 
0*3  and  0*6  of  an  inch,  or,  when  an  increased  temperature  is 
used,  of  tubes  bent  into  the  shape  of  retorts,  of  a  diameter 
varying  with  the  quantity  of  gas  to  be  submitted  to  experi- 
ment, which  may  be  from  half  a  cubic  inch  to  a  cubic  inch 
or  more.  These  when  in  use  may  be  immersed  in  a  small 
iron  cistern  containing  mercury,  and  provided  with  a  cover 
in  which  are  two  holes,  one  for  the  tube  and  the  other  for  the 
stem  of  a  thermometer,  the  degrees  of  which  are  best  engrav- 
ed on  the  glass. 

By  means  of  these  improved  modes  of  analysis,  I  have  al- 
ready obtained  some  interesting  illustrations  of  the  nature  of 
the  gases  from  coal  and  from  oil.  I  reserve,  however,  the 
communication  of  them  till  I  have  had  an  opportunity  of  pur- 
suing the  inquiry  to  a  greater  extent,  and  especially  of  satis- 
fying myself  respecting  the  exact  nature  of  the  compound  of 
charcoal  and  hydrogen,  discovered  some  years  ago  by  Mr 
Dalton,  in  oil  gas  and  coal  gas,  which  agrees  with  olefiant  gas 
in  being  condehsible  bv  chlorine,  but  difiers  from  it  in  afford- 
ing more  carbonic  acia  and  consuming  more  oxygen. 


Art.  111. — Fads  proving  the  Efficacy  of  Sir  H.  Davy^s  Method 
of  protecting  the  Copper  of  Ships  by  Electrochemical  Action* 
Extracted  from  the  Letters  of  a  Correspondent,  and  Dr 
Stewart  Traill.    [An.  PhilosJ] 

1 .  The  Camehrea  Castle^  an  Indiaman,  belongbg  to  Messrs 
Wigram,  of  650  tons  burden,  was  protected  last  spring  by  a 
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quantity  of  iron  in  fonr  portions,  two  on  the  bow  and  two  on 
the  stern,  equal  to  form  ji^  to  j\^  part.  She  has  since  made 
the  voyage  to  India,  and  was  for  some  time  in  the  Ganges. 

She  appeared  bright  and  clean  during  the  whole  of  (he 
voyage  out  and  home ;  some  mud  collected  on  her  bottom  in 
the  Ganges;  but  immediately  disappeared  when  she  began  to 
sail.  She  was  put  into  dry  dock  about  a  fortnight  ago,  and 
her  bottom  examined  by  Sir  H.  Davy,  the  proprietors,  and 
various  other  persons.  Every  part  of  her  bottom  was  bright 
and  clean,  without  a  single  adhesion  of  any  kind,  and  as  far 
as  could  be  judged  from  the  smoothness  and  appearance  of 
the  copper,  it  had  not  been  at  all  worn  by  any  chemical  cor- 
rosion. The  iron,  which  was  about  an  inch  and  a  half  in 
thickness,  is  considered  a  sufficient  protector  for  two  voyages 
more. 

2.  The  Elizabeth  yacht,  belonging  to  the  Earl  of  Darnley, 
was  protected  by  two  pieces  of  malleable  iron  in  the  stern,  in 
May  last,  equal  to  about  j\j  of  the  surface  of  the  copper. 
After  being  employed  in  sailing  during  the  summer,  she  was 
examined  in  November,  when  her  bottom  was  found  free  from 
adhesions  of  any  kind,  and  apparently  untouched.  The  cop- 
per was  bright,  and  even  the  nails  not  tarnished.  In  the  course 
of  the  summer  a  few  small  barnacles  had  adhered  to  the  rust 
of  the  iron,  which  were  easily  and  immediately  washed  off; 
but  no  weed  or  shell-fish  had  ever  fixed  on  the  copper,  which 
appeared  in  the  same  state  as  when  she  left  the  dock. 

The  following  examples  we  owe  to  the  kindness  of  Dr 
Traill: 

The  ship  Hwkisson^  belonging  to  Mr  Horsfall,  was  lately 
in  dock  after  a  voyage  to  and  from  Demerara,  where  she  lay 
some  weeks^  in  a  river  remarkably  favourable  to  the  adhesion 
of  parasitical  animals  and  weeds ;  yet,  when  I  examined  this 
vessel,  her  copper  appeared  perfectly  clean,  as  far  as  it  could 
be  seen,  when  she  was  purposely  set  by  thestem^  in  unloading, 
in  order  to  show  her  copper  at  the  bows  as  low  as  possible. 
The  captain  stated  that,  before  coming  into  port,  whiie  yet  in 
clear  water,  he  had  seen  her  bottom  even  to  the  keel ;  and  it 
seemed  to  him  quite  clean.  This  ship  was  defended  by  two 
bars  of  malleable  iron,  bolted  along  the  sides  of  her  keel  by 
copper  fastenings,  which  covered  about  ^V  ^^  ^^^  surface  of 
her  copper. 

The  Elizabtih^  a  vessel  defended  exactly  in  the  same  man- 
ner, with  metals  in  the  same  proportions,  had  made  the  same 
voyage.     Both  had  been  newly  coppered  when  they  last  left 
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Liverpool ;  and  the  Elizabeth's  copper  appeared  equally  clean 
as  that  of  the  Huskisson  when  unloaded  ;  but  as  she  did  enter 
a  graving  dock,  we  cannot  absolutely  say  whether  she  was 
quite  clean,  especially  as  the  copper  of  the  Dorothy  (about 
to  be  mentioned^  appeared  equally  so,  until  she  was  seen  in 
the  graving  dock,  when  tiie  flat  part  of  her  bottom  was  found 
to  be  quite  covered  with  barnacles.  The  copper  of  the  Hus- 
kisson^ ihere  is  reason  to  believe,  was  perfectly  clean^  as  was 
proved  \f\  the  next  case. 

The  ship  Dec,  a  very  large  vessel  belonging  to  my  relative, 
Mr  Sandbach.  This  ship  was  newly  coppered  about  twelve 
months  ago,  and  a  bar  of  malleable  iron,  about  \  of  an  inch 
thick,  and  three  inches  broad,  was  fastened  on  each  side  of 
the  keel  by  iron  spikes.  It  covered  about  ^V  ^^  ^^^  surface 
of  her  copper.  Since  that  period  she  has  made  two  voyages 
to  Demerara,  and  was,  at  the  conclusion  of  the  last,  put  into 
a  graving  dock,  when  her  copper  was  found  perfectly  free 
from  corrosion,  and  there  were  scarcely  any  substances  ad- 
hering to  it,  except  a  very  few  minute  barnacles,  near  the  keel 
fore  and  afl.  This  case  shows  that  over  defence  was  not  the 
cause  of  tne  foulness  of  the  bottom  of  the  Tickler  ;  for  both  in 
this  vessel  and  in  the  Huskisson^  the  proportion  of  iron  to  the 
copper  was  greater  than  in  that  ship.  The  iron  spikes  em- 
ployed to  fasten  the  iron  on  the  keel  of  the  Dee,  were  so  much 
corroded,  as  to  endanger  the  falling  off  of  the  bars ;  copper 
nails  are,  therefore,  to  be  preferred. 

The  Dorothy. — Dr  Traill  states,  that  the  following  particulars 
of  the  Dorothy's  outfit  and  return,  were  communicated  to  him 
by  his  intelligent  friend,  Mr  Horsfall,  one  of  the  owners  of  the 
£hip  in  the  beginning  of  May : 

"  The  Dorothy  had  been  coppered  about  a  year,  and  had 
made  one  voyage  to  Bombay  and  back  to  this  port,  when,  in 
May,  1824,  it  was  determined  to  place  bars  of  iron  four  inches 
broad,  and  one  inch  thick,  along  her  keel,  covering  about  lyV 
part  of  the  copper,  in  the  expectation  that  the  iron  would  at 
least  so  far  preserve  the  copper  from  corrosion  that  it  might 
be  permitted  to  run  a  second  voyage  to  India  without  being 
renewed,  which  can  seldom  be  done  with  perfect  safety.  The 
iron  extended  from  one  end  of  the  keel  to  the  other,  and  was 
fastened  on  with  copper  nails  with  large  heads.  The  Dorothy, 
thus  defended,  sailed  again  for  Bombay  in  June,  and  returned 
to  Liverpool  about  a  month  since.  She  was  put  into  the 
graving  dock  yesterday,  (May  3,)  and  an  examination  of  her 
bottom  took  place  as  soon  as  the  water  had  left  her. 
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The  copper  appeared  no  more  reduced  than  at  the  termina- 
tioD  of  the  first  vojaffe.  The  iron  was  diminished  generally 
about  I  of  an  inch  in  breadth,  and  from  }  to  |  an  inch  in  thick* 
ness.  At  the  ends  of  the  vessel,  for  about  two  or  three  feet, 
the  iron  was  much  more  reduced  than  at  any  other  pari.  It 
was  covered  with  the  usual  rust,  not  at  all  resembling  cast 
iron,  under  similar  circumstances.  The  flat  of  the  ship's  bot- 
tom from  end  to  end,  and  from  six  to  eight  feet  in  breadth, 
was  full  of  fleshy  bamacUs^  (lepas  anatilerdi)  of  uncommon 
length,  and  a  few  of  the  large  hard  shell  species  (balanus  tin- 
tinnabulum)."*   . 

What  remains  of  the  iron  is  still  considered  as  sufficient  pro* 
tection  for  a  third  voyage  to  India,  and  '^  it  appears  only  to 
be  necessary  to  drive  the  large  copper  nails  up  a  litde  to  se- 
cure the  iron  bars  for  the  next  voyage." 

JVb/e  by  Dr  TVatW.— We  remarked  that  the  specimens  of 
the  Iqnis  anatifera  were  considerably  larger  on  the  starboard 
than  on  the  larboard  side  of  the  ship.  On  noticing  this  to  the 
captain,  he  informed  us  that  the  latioard  had  been  the  lee  side 
of  the  vessel,  almost  constantly  during  the  passage  to  Europe, 
and  consequently  most  deeply  immersed  in  the  water— a  cir- 
cumstance in  the  economy  of  these  animals  not  unworthy  of 
notice.  

It  is  evident  that  in  all  these  last  cases,  particularly  in  the 
ship  Dorothy,  the  proportion  of  iron  has  been  too  large,  and 
the  quantity  of  calcareous  earth  on  the  bottom  of  this  ship 
proves  that  the  electro-negative  action  has  been  in  excess. 

C. 


Art.  IV. — On  the  Transportation  of  Fish  from  salt  to  fresh 
Water.  By  J.  Macculloch,  M.  D.  F.  R.  S.,  &c.  [J^um. 
Roy.  Inst.'\ 

You  expressed  a  desire  to  know  the  progress  which  has 
been  maoe  in  the  transplantation  of  fish  from  salt  to  fresh 
water,  since  the  period  at  which  I  communicated  the  paper  on 
that  subject  to  your  Journal.  Mr  Arnold,  who  has  carried 
on  these  experiments,  at  my  wish,  with  great  zeal,  has  suc- 
ceeded in  adding  many  more  to  the  list,  and,  both  in  respect 
t»  the  physical  fact,  and  to  the  question  of  economy,  the  suc- 
cess has  been  far  greater  than  any  one  was  willing  to  believe. 

^  Salphnric  acid  was  used  to  loosen  and  detach  the  shells. 


1 
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• 

The  list  of  the  additional  fish  will  be  seen  by  comparing 
that  which  is  appended  to  this  letter,  with  the  former  one;  and 
as  the  subject  has  excited  considerable  attention,  you  will  per- 
haps not  object  to  a  statement  which  may  attract  even  more, 
by  presenting,  in  the  form  of  a  prospectus,  the  essential  facts 
and  arguments.  It  is  only  by  placing  them  in  this  form  that 
they  are  very  likely  to  produce  the  effect  which  appears  de- 
sirable. I  may  now,  however,  subjoin  some  remarks  which 
could  not  well  find  their  place  in  such  a  statement,  and  which 
have  been  the  result  of  more  experience  and  attention.  It  is 
certain  that  the  flavour  of  every  fish  which  has  yet  been  tried 
has  been  improved,  and  I  can  vouch  for  the  superiority  of  the 
basse,  the  mullet,  the  loach,  the  atherine,  and  the  sole,  from 
the  pond,  to  those  from  the  sea.  This  might  be  expected,  for 
it  is  what  happens  notedly  with  respect  to  oysters. 

The  sole  becomes  twice  as  thick  as  a  fish  of  the  same  size 
from  the  sea,  and  its  skin  also  becomes  extremely  dark,  or 
nearly  black. 

The  plaise  also  inci^eases  materially  in  thickness,  and  loses 
^ts  spots.  In  some  cases,  it  appearea  three  times  as  thick  as 
in  the  sea.  The  basse  also  turns  much  thicker,  and  improves 
in  delicacy. 

The  mullet  almost  ceases  to  grow  in  length,  but  enlarges  in 
breadth,  and  presents  a  much  deeper  layer  of  fat. 

Crabs  and  prawns  have  found  their  own  way  into  the  pond, 
as  have  loaches,  and  some  other  small  fish;  and  while,  for- 
merly, there  were  none  of  the  former  two,  the  water  is  now 
absolutely  swarming  with  them.  Thus  also,  apparently,  the 
eels  have  multiplied ;  as  it  is  now  easy  to  take  a  cartload  at 
once,  where  formerly  a  dozen  or  two  was  a  large  capture.  1 
have  thus,  also,  more  distinctly  ascertained,  and  to  the  satis- 
faction of  Cuvier,  who  had  been  unwilling  to  admit  it,  that 
there  are  two  species  of  fresh  water  eel,  distinguished  by  the 
comparative  acuteness  and  breadth  of  the  nose. 

I  nave  lastly  to  add  an  observation  inadvertently  omitted 
in  the  former  communication,  which  may  be  used  as  an  dpriori 
argument  for  the  possibility  of  this  transplantation.  It  is,  that 
oxygen  is  much  more  easily  disengaged  from  fresh  than  from 
salt  water.  Consequently,  the  act  of  respiration  ought  to  be 
easier  in  the  former  than  in  the  latter;  and,  therefore,  it  is  not 
to  be  presumed,  as  it  has  been,  that  sea^fish  cannot  respire 
fresh  water. 

As  I  have  given  the  shad  without  its  Linnaean  name,  I  think 
it  right  to  add,  that  our  shad  is  yet  unnamed ;  because  the 
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Clupea  Alosa  is  the  Alose  of  ihe  French,  commonin  the  Seine, 
and  on  the  other  coast  of  Normandy ;  a  fish  as  good  as  our 
own  shad  is  detestable,  and  a  decidedly  different  species  of 
this  troublesome  and  ill  understood  genus.  If  I  have  given 
the  vulgar  term  rock-fish,  it  is  because  1  wish  to  reject  the 
term  urasse,  for  the  present,  as  it  stands  a  species;  whereas 
the  whole  of  this  genus  (labras)  is  still  in  extreme  confusion, 
and  in  one,  which  I  hope  to  aid  in  rectifying,  with  the  assist- 
ance of  Cuvier's  materials  and  our  own  species. 

Prospectus  of  a  Plan  for  Preserving  and  Rearing  Fish  for  the 

London  Market, 

From  various  observations  and  experiments,  of  which  evi- 
dence is  subjoined,  it  has  been  found  that  sea-fish  will  live  and 
thrive,  and  also  breed,  in  ponds  and  enclosures ;  and,  with  re- 
gard to  many,  it  also  appeal's  that  it  is  indifferent  whether  the 
water  is  salt,  or  fresh,  or  brackish,  or  alternately  fresh  and 
salt. 

It  is  also  found  that  they  may  be  fed  in  such  enclosures, 
if  necessary,  as  our  domestic  animals  are ;  but  ihat  if  sufficient 
numbers  and  kinds  are  placed  together,  they  feed  each  other 
without  requiring  further  care. 

It  is  further  observed,  that  every,  or  almost  every  species, 
improves  in  flavour  and  quality,  as  oysters  are  known  to  do, 
under  transplantation. 

It  is  well  known  that,  of  all  the  fish  brought  to  market,  a 
very  small  proportion  is  in  good  condition,  the  rest  being  ap- 
parently ill  fed ;  and  hence  the  number  of  bad  fish  so  well 
known  to  fishmongers. 

It  is  much  belter  known  that,  from  bad  weather,  or  other 
causes,  the  supply  of  the  market  is  very  irregular.  Thus  the 
public  suffers  when  the  supply  is  short,  and  the  merchant 
when  there  is  a  glut.  It  is  not  uncommon  for  a  glut  to  come 
in  London  when  the  town  is  empty;  and,  on  the  contrary,  for 
it  to  want  fish  when  full. 

The  proposed  plan,  if  executed,  would  bring  the  fish  within 
Our  own  power,  to  be  taken  alive  when  wanted,  and,  from 
being  better  fed,  in  greater  perfection  and  more  uniformly 
good.  It  would  be  like  taking  stalled  oxen,  instead  of  wild 
Scotch  cattle.  It  would  also  enable  the  merchants  to  regulate 
the  supply  by  the  demand,  and  thus  to  satisfy  better  the  pub- 
lic and  themselves.  The  trade  would  be  steady  instead  of 
precarious ;  as  the  prices  to  the  public  would  also  be.  It  would 
be  conducted,  directly  between  the  public  and  the  grower,  or 
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with  ihe  intervention  of  one  retailer  only,  and  thus  a  heavy 
cause  of  complaint  be  removed.  Lastly,  the  public  would 
be  always  sure  of  fish,  and  it  would  be  sure  of  them  at  mode- 
rate prices. 

Such  are  the  proposed  advantages*  As  far  as  the  species 
that  breed  in  such  confinement,  the  fish  would  reproduce 
themselves,  or  a  pond  of  this  nature  would  resemble  a  commoa 
fish-pond.  For  those  that  will  not,  if  there  are  any  such,  the 
ponds  would  be  mere  repositories  for  keeping  alive,  till  there 
was  a  demand,  the  fish  brought  into  them  from  the  sea.  They 
would  also  be  feeding-places,  allowing '  bad  fish  to  improve. 
Thus  far,  the  fisheries  would  go  on  as  oefore,  and  the  fishing- 
trade  would  consequently  not  be  injured.  It  would  be  in- 
creased, on  the  contrary;  because,  with  a  better-regulated 
market  and  more  moderate  prices,  the  consumption  would 
be  augmented. 

There  can  be  no  objection,  therefore,  on  the  score  of  injury 
to  the  fisheries.  The  plan  is,  virtually,  one  to  preserve  fish 
alive  after  being  taken,  instead  of  suffering  them  to  waste,  to 
render  them  better  in  quality,  and  to  supply  them  more  regu- 
larly. 

1  he  plan,  therefore,  is,  to  enclose,  in  any  convenient  part 
of  the  Thames,  (since  the  quality  of  the  water  is  proved  to  be 
indifferent)  a  space  sufficient  for  the  purpose.  A  dock,  or  an 
excavation  in  the  nature  of  one,  would  be  unnecessary,  as  the 
water  itself,  in  many  places  not  navigable,  might  be  enclosed 
by  a  palisade.  In  this,  the  fish  would  be  received  from  the 
fishermen,  by  means  of  well-boats,  alive.  Those  which 
chanced  to  die  would  become  the  food  of  others.  Many  would 
breed,  as  thev  have  been  found  to  do,  and  thus  also  produce 
food.  But  they  might  also  be  fed,  by  means  of  butcher's 
offal,  or  other  matters  easily  procured  in  a  great  city,  as  was 
the  practice  of  the  ancient  Romans. 

From  the.  enclosure,  the  fish  would  be  »taken  by  nets,  the 
kinds  in  demand,  and  the  quantity,  selected,  and  the  bad  fish 
also  returned  for  improvement.  A  steam-boat  would  supply 
them  to  London  daily,  and  to  any  market  which  might  be  es- 
tablished ;  and  they  might  even  be  brought  up  alive,  so  that 
the  unsaleable  ones  would  not  be  lost. 

The  only  capital  required  to  be  sunk,  or  advanced,  would 
be  in  purchasing  and  enclosing  a  tract  of  water,  and  in  the 
general  establishment;  possibly  in  stocking  the  pond.  It  could 
not  be  very  large ;  but  no  estimate  is  now  pretended  to  be 
given,  nor  any  place  pointed  out ;  that  needs  not,  however, 
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be  very  near  to  London,  as  a  steam^boat  would  approximate 
any  distances.  After  this,  the  fish  would  be  purchased  from 
the  fishermen  by  contract;  and  the  establishment  beginning  to 
sell,  would  then  pay  its  way% 

The  details  of  evidence  in  support  of  the  practicability  of 
this  scheme,  are  the  following : 

There  are  three  or  four  sea-ponds  in  Scotland  where  fish 
are  thus  kept ;  one  in  Orkney,  belonging  to  Mrs  Stewart,  one 
on  the  Firth  of  Forth,  belonging  to  Sir  Robert  Preston ;  and 
one  in  Galloway,  belonging  to  Mr  Macdowall. 

On  the  Greek  coast  of  the  Adriatic,  at  Missolonghi  and  else- 
where, the  same  has  been  practised  from  immemorial  time.  It 
is  the  current  practice  also  of  Bermuda,  where  the  inhabitants 
subsist  chiefly  on  fish. 

These  are  sea-ponds,  as  the  water  is  salt.  But  in  Sicily, 
from  the  most  ancient  times  also,  the  natives  transport  lobsters 
and  crabs  to  a  fresh-water  and  muddy  lake,  for  the  purpose 
of  improving  them,  as  they  also  do  mullet. 

With  respect  to  fresh  waters,  we  have  evidence  of  the  power 
of  keeping  and  improving  sea-fish  in  them,  from  the  practice 
of  the  ancient  Romans.  From  the  testimony  of  Columella, 
and  the  oiher  writers,  ^'  de  Re  Rustica,'^  it  was  the  practice 
of  the  Roman  farmei*s,  in  the  earliest  days  of  the  Republic,  to 
go  down  to  the  sea  and  bring  up  the  spawn  of  sea-fish  to  the 
fresh  water  lakes  of  Rome,  where  they  multiplied  and  im- 
proved. It  was  a  branch  of  farming.  It  became  the  amuse- 
ment and  luxury  of  the  rich  and  great  in  the  times  of  imperial 
Rome ;  enormous  establishments  of  this  nature  were  formed, 
and  the^fish  were  often  fed  at  an  expense  which,  as  well  as 
the  value  of  the  ponds,  proves  the  great  extent  of  these  repo- 
sitories. ^ 

Lastly,  this  plan  has  been  recently  put  to  the  test  under 
the  direction  of  the  writer  of  this  note,  in  Guernsey,  by  Mr 
Arnold.  In  a  pond  of  about  four  acres  only,  many  sea-fish, 
which  will  be  found  in  the  following  list,  are  now  thriving, 
and  all  those  which  have  had  sufficient  time  have  propagatea ; 
all  have  improved  in  quality,  and  many  very  remarkably. 
This  pond  was  at  first  worthless,  containing  only  a  few  eels ; 
at  present  it  produces  a  large  rent,  and  can  supply  the  market 
when  the  weather  prevents  the  boat»  from  going  out.  It  is 
remarkable  ako,  that,  since  the  introduction  of  the  sea-fish, 
the  eels  have  multiplied  a  thousand  fold,  so  as  themselves  to 

Eroduce  a  considerable  revenue.    This  proves  that  fish  may 
B  fed,  merely  by  bringing  different  kinds  together,  as  is  the 
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case  in  nature.  It  may  be  added,  that  the  evidence  from  this 
pond  is  peculiarly  satisfactory,  as  far  as  relates  to  the  indiffe- 
rence which  sea-fish  possess  as  to  the  quality  of  the  water. 
Being  embanked  from  the  sea,  and  receiving  an  insufficient 
supply  of  fresh  water  in  summer,  it  varies,  so  that  while  it  is 
perfectly  fresh  in  winter,  it  is  nearly  salt  in  very  dry  weather, 
and  brackish  in  various  degrees  at  intermediate  periods.  Here 
also,  it  is  remarkable,  that  while  the  larger  fishes  have  been 
placed  there,  many  of  the  smaller  ones,  which  formerly  showed 
no  such  desire,  have  introduced  themselves  throueh  crevices 
in  the  sea  wall,  and  that  it  is,  in  particular,  crowded  with  crabs 
and  prawns. 

It  is  now  necessary  to  subjoin  a  list  of  the  fishes  which  be- 
longing  naturally  to  the  sea,  have  been  found  to  live  in  fresh 
waters.  Some  of  these  have  been  forcibly  introduced,  others 
seek  it  for  themselves.  If  the  list  is  still  limited,  it  is  because 
the  rest  have  not  been  tried ;  for  no  fish  on  which  the  experi- 
ment has  been  properly  tried,  has  failed.  When  they  have 
failed,  it  is  because  they  were  previously  injured,  or  nearly 
killed,  in  the  taking  or  the  transportation*  1  he  star  indicates 
those  which  have  been  forcibly  naturalized  in  Mr  Arnold's 
or  some  other  pond. 

Conger  *  Basse 

Torsk  Loach 

Sprat  Red  Loach 

Shad  *  Smelt 
Alose  (of  the  French)  clupea    *  Atherine 

alosa  *  Rock-fish 

Greater  Lamprey  *  Cuckoo-fish 

Lester  Lamprey  *  014  Wife 

Stickleback  *  Sole 

Cottus  quadricornis  *  Turbot 

Mullet  Sand  Eel 

♦  Plaice  Rockling 
Flounder  Whiting  Pout 
Red  Flounder,  pleuronectes      Mackerel 

roseus.  Herring 

While  Whale  Crabs 

*  Horse  Mackerel  *  Oysters 
Pollack  *  Muscles 
Prawns  Shrimps 
Cod 

There  appears  no  reason  why  turtle  should  not  also  be  cul- 
tivated, whether  they  would  breed  or  not.    The  peacock, 
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pintado,  pheasant,  and  common  fowl,  are  the  natives  of  hot 
climates,  and  have  long  been  naturalized  to  cold  ones ;  and 
there  is  far  less  difference  between  the  temperatures  of  the 
water  in  different  climates  than  between  those  of  the  air.  An 
excellent  turtle  has  been  taken  in  the  I'amar  at  Saltash,  after 
an  unknown  length  of  residence. 


Art.  V. — On  the  Mode  of  obtaining  Silidum^  and  on  the  Char' 
acters  and  Properties  of  that  Substance,  By  M.  Berzelius.* 
IPhil.  Mag.} 

Decomposition  of  Fluate  of  Silica  by  Potassium. 

Whew  we  read  the  description  of  the  experiments  made 
by  MM.  Gay-Lussac  and  Thenard  on  the  silicated  fluoric 
acid  and  potassium,  we  cannot  doubt  that  they  decomposed 
the  acid  in  the  circumstances  which  they  aescribe.  The 
potassium  burns  in  the  gas  and  condenses  it ;  a  brown  mat- 
ter is  formed,  which,  boiled  in  water  and  dried,  burns  in  ox- 
ygen gas  with  the  evolution  of  silicated  fluoric  gas,  and  leaves 
as  a  residuum  a  white  earthy  matter.  In  applying  myself  to 
these  researches,  I  looked  u}X)n  the  reduction  of  the  fluoric 
acid  and  of  the  silica  as  so  certain,  that  I  thought  it  only  ne- 
cessary to  examine  the  composition  of  the  product  obtained, 
in  order  to  exhibit  the  subject  in  a  clear  light.  The  experi- 
ment of  MM,  Gay-Lussac  and  Thenard  gave  me  the  same 
results  as  they  obtained,  with  this  diflfcrence,  that  the  mass 
whea  burnt  in  oxygen  gas  was  not  white,  and  that  it  had  pre- 
served its  primitive  colour  without  any  remarkable  change. 
I  expected  to  find  some  fluate  of  silica  and  potash,  but  the 
concentrated  sulphuric  acid  did  not  disengage  any  trace  of 
fluate  of  sUica ;  and  although  carried  to  ebullition,  it  did  not 
produce  any  change  in  the  substance.  Nor  was  the  substance 
attacked  by  any  acid  but  the  fluoric,  which  separated  the  si- 
lica, and  left  a  deep  brown  matter,  insoluble  in  acids,  and 
which  did  not  burn  on  exposure  to  the  action  of  fire.  Was 
this  the  radical  of  the  fluoric  acid,  or  that  of  silica,  or  a  com- 
bination of  both  ? 

To  procure  this  substance  in  greater  quantity,  I  proceed- 
ed in  the  following  manner ;  I  introduced  into  a  glass  retort 
of  the  capacity  of  about  ten  cubic  inches  a  small  vessel  of 
porcelain  on  which  was  a  piece  of  potassium  of  the  size  of  a 

*FroiD  the  Annatts  dt  Chimie  et  de  Physique,  torn,  xxvii.  p.  337. 
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large  nut.  After  having  rapidly  exhausted  the  retort,  I  let  in 
some  silicatcd  fluoric  gas,  from  a  reservoir  over  mercurj,  and 
I  applied  the  heat  of  a  spirit-lamp*  The  potassium  at  first 
became  white,  but  afterwards  it  became  browner  and  brown- 
er, and  at  last  as  black  as  a  coal :  it  was  not  long  in  becom- 
ing inflamed,  ahd  it  burnt  with  a  large  flame  of  a  deep-red 
colour,  not  however  intensely ;  whilst  the  mercury  rose  rap 
idly  in  the  reservoir,  on  account  of  the  absorption  of  the  sili- 
cated  fluoric  ^as.  As  soon  as  the  combustion  ended,  a  va- 
cuum was  made  in  the  apparatus,  in  order  to  prevent  the  for- 
mation of  the  fluate  of  silica  and  potash,  and  it  was  then  left 
to  cool.  The  product  was  a  hard,  porous,  agglutinated,  and 
deep-brown  mass,  which  did  not  change  in  the  air,  but  which 
like  manganese,  emiited  the  smell  of  hydrogen  when  it  was 
pressed  between  the  fingers  or  when  breathed  upon.  In  the 
retort,  around  the  porcelain  vessel,  a  light  powder  of  a  yel- 
low-brown was  remarked,  which  was  preserved. .  The  burn 
mass  when  thrown  into  water  immediately  produced  a  copi- 
ous evolution  of  hydrogen  gas.  The  water  dissolved  much 
fluate  of  potash,  and  the  brown  mass  was  precipitated  in  the 
form  of  a  chestnut-brown  powder,  slowly  evolving  gas.  The 
alkaline  solution  was  descanted  and  replaced  by  pure  water. 
The  evolution  of  gas  visibly  diminished;  and  the  water  hav- 
ing again  been  renewed  after  some  time,  it  entirely  ceased  ; 
so  that  the  brown  powder  did  not  decompose  the  water,  even 
at  the  temperature  of  ebullition.  The  solution  obtained  by 
boiling  it  being  very  acid,  it  was  boiled  with  fresh  portions 
of  water,  until  no  signs  of  acidity  were  manifested,  and  the 
solution  afterwards  passed  through  the  filtre.  The  water  was 
saturated  with  fluate  of  silica  and  potash,  and  the  brown  pow- 
der was  washed  as  long  as  the  water  left  the  slighest  resiauum 
by  evaporation.  The  powder,  being  dried,  was  of  a  chest- 
nut brown,  and  evidently  contained  heterogenecRis  parts  of 
a  brighter  colour.  The  brown  matter  which  was  deposited 
on  the  glass  during  the  combustion  of  the  potassium  was 
much  more  homogeneous.  Water  did  not  disengage  hydro- 
gen by  its  action,  but  quickly  became  acid.  This  powder 
was  washed  with  the  same  care  as  the  preceding. 

Now,  for  the  purpose  of  determining  the  change  undergone 
by  the  brown  matter  during  combustion,  it  was  first  perfectly 
dried  and  heated  to  a  dull  red  in  a  current  of  hydrogen  gas, 
and,  after  bein^  weighed,  exposed  in  a  proper  apparatus  to  a 
current  of  oxygen  gas.  As  soon  as  the  air  of  the  vessel 
seemed  to  be  displaced  by  oxygen  gas,  the  brown  matter 
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was  heated  with  a  spirit-lamp ;  it  immediatelj  took  fire,  and 
barnt  vividly  for  some  time,  having  a  pale  blue  flame  on  its 
surface.  The  remaining  oxygen  being  passed  into  barytic 
water,  rendered  it  very  turbid,  and  gave  a  precipitate  which 
entirely  dissolved  with  effervescence  in  muriatic  acid,  and 
which,  consequently,  was  carbonate  of  barytes.  The  burnt 
mass  was  greatly  diminished  in  bulk,  but  was  of  much  the 
same  colour  as  before.  Its  weight  was  augmented  scarcely 
half  a  hundredth  part.  There  was  not  perceived  either  in 
the  glass  balloon  where  the  combustion  took  place,  or  in  the 
glass  conducting  tube,  the  least  indication  of  the  presence  of 
fiuoric  acid ;  and  this  showed  plainly  that  this  acid  was  not 
produced  by  the  combustion  of  the  brown  amatter ;  and  that 
the  presence  of  it  in  the  experiments  of  MM.  Gay-Lussac 
and  Thenard,  as  also  in  the  first  which  I  made,  arose  from 
the  circumstance  that  the  brown  matter  contained  fluate 
of  silica  and  potash,  which  was  decomposed  by  the  heat 
of  the  combustion,  and  gave  out  silicated  fiuoric  acid; 
this  result  likewbe  deprives  us  of  the  hope  of  learning  by 
these  means  the  composition  of  fluoric  acid ;  but  it  is  not 
less  interesting,  since  it  seems  to  show  that  the  pulverulent 
brown  matter  is  really  silicium*  Its  combustion  in  oxygen, 
with  the  production  of  carbonic  acid,  without  much  increase 
of  weight,  was  now  not  so  difficult  to  understand,  since  it  is  a 
property  of  the  oxides  which  contain  three  atoms  of  oxygen, 
that  their  quadri-carburet  burns  without  increase  of  weight. 
But  whence  comes  this  carbon?  how  is  it  combined  with  the 
silicium  ?  I  thought  at  first  that  it  might  be  attributed  to  the 
presence  of  the  oil  of  naphtha  in  which  the  potassium  was 
preserved,  and  I  repeated  the  experiment  with  potassium 
which  had  not  been  in  this  oil.  The  result  was  the  same. 
I  then  began  to  think  that  this  metal  might  contain  carbon ; 
for  it  had  been  prepared  after  the  advantageous  process  late- 
ly given  by  Brunner,  which  consists  in  distilling  at  a  high 
temperature  a  mixture  of  carbonate  of  potash  and  of  carbon 
in  a  vessel  of  forged  iron.  The  potassium,  distilled  in  a  glass 
vessel,  accordingly  left  a  coally  residuum,  which,  by  treat- 
ment with  water,  yielded  some  potash  and  much  carbon.  In 
repeating  the  experiment  of  the  combustion  of  potassium  in 
silicated  fluoric  gas  [employing  the  metal  thus  purified],  the 
powder  was  not  so  brown,  and  when  burnt  in  oxygen  acquir- 
ed an  increase  of  40  per  cent  without  producing  carbonic 
acid.  Its  colour,  however,  was  much  the  same  as  before 
combustion.    But  this  circumstance  will  no  longer  appear 
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astonishing,  if  we  suppose,  either  that  the  silicium  may  take 
in  its  combustion  a  lower  degree  of  oxidation,  or  that,  as  hap- 
pens with  boron,  the  silica  which  is  formed  prevents  the  en- 
tire combustion  of  the  silicium.  The  residuum  of  the  com* 
bustion,  treated  bjr  fluoric  acid,  gave  siUcated  fluoric  gas,  and 
its  colour  became  much  darker.  Thrown  on  a  filter,  well 
washed  and  dried,  it  was  pure  silicium* 

Description  of  Silicium^  and  of  its  QunUcal  Relations  with  other 

Bodies* 

Obtained  in  the  manner  just  related,  silicium  is  of  a  dark 
nut-brown  colou^  without  the  least  metallic  lustre.  When 
rubbed  with  steel  it  does  not  give  any  bright  streak,  and  re- 
sists the  friction  as  an  earthy  body  does.  It  is  incombustible 
in  atmospheric  air  and  in  oxygen ;  it  does  not  undergo  any 
change  in  the  flame  t>f  the  blowpipe,  and  appears  to  belong 
to  the  class  of  the  most  infusible  bodies.  These  properties 
seem  opposed  to  what  I  have  already  said  of  the  combustion 
of  silicium,  which  is  easily  accomplished  when  we  employ 
that  substance  as  obtained  immediately  after  its  reduction  by 
potassium.  This  difierence  in  its  combustibility  is  extremely 
remarkable.  It  does  not  depend  on  an  efiect  attributable  to 
the  fluoric  acid  ;  for,  if  before  burning  the  silicium  it  is  treat- 
ed with  fluoric  acid,  a  portion  of  silica  will  be  extracted  from 
St,  which  had  been  separated  from  the  fluoric  acid  by  the 
potash  produced  by  the  oxidation  of  the  potassium  by  the 
air,  before  the  experiment  could  be  made;  and  the  acid  di&* 
solves  besides,  especially  by  means  of  heat,  a  portion  of  sili- 
€um,  with  evolution  of  hydrogen  gas.  The  silicium  which  then 
remains  after  filtering  and  washing  inflames  and  burns  with 
vivacity  in  air  and  in  oxygen.  Nor  can  this  combustibility 
result  froii3  a  residuum  of  potassium  ;  for  after  combustion 
neither  fluoric  acid  nor  fluate  of  silica  and  potash  can  be  ex- 
tracted from  the  product ;  it  appears  to  me  to  be  owing  more 
probably  to  a  portion  of  hydrogen  combined  with  the  silici- 
um ;  for,  if  the  silicium  be  burnt  in  oxygen,  even  after  having 
been  heated  in  hydrogen  or  in  a  vacuum,  water  will  be  form- 
ed, but  in  very  small  quantity  relatively  to  the  great  capacity 
of  saturation  of  the  silica.  The  silicium  which  is  obtained 
when  the  brown  mass  procured  with  potassium  is  thrown  into 
water  is,  after  that,  a  hydruret  of  silicium  or  a  silicluret  ofhy" 
drogen  ;  the  reduced  mass  is  a  siliciuret  of  potassium^  which 
the  water  decomposes ;  the  potassium  is  converted  into  potash 
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and  dissolved ;  the  greater  part  of  the  hydrogen  is  disenga- 
ged, and  the  smaller  part  takes  the  place  of  the  potassium  in 
combining  with  the  siiicium.     If  the  hydruretted  silicium  is 
put  into  an  open  platinum  crucible,  and  slowly  heated  until 
redness  commences,  and  then  after  being  covered  carried  to 
a  white-red  heat,  the  silicium  loses  its  combustibility ;  and 
treated  with  fluoric  acid,  which  now  dissolves  no  more  of  it, 
becomes  perfectly    pure,  without  sustaining  the  great  loss 
which  takes  place  when  we  begin  by  burning  it.— ^hen  the 
hydruretted  silicium  is  very  quickly  brought  to  a  red  heat,  it 
takes  fire,  because  the  hydrogen  cannot  burn  at  a  lower  tern* 
perature  without  inflaming  the  silicium  at  the  same  time.    If 
the  silicium  does  not  bum  completely  in  this  case,  that  cir- 
cumstance does  not  arise  from  the  production  of  an  inferior 
degree  of  oxidation,  but  from  the  access  of  oxygen  being  pre- 
vented by  the  silica  formed*     Besides  the  loss  of  hydrogen 
which  the  silicium  sustains  at  an  elevated  temperature,  it  un- 
dergoes a  further  change ;  it  loses  the  property  of  dissolving 
in  mioric  acid,  is  contracted  in  bulk,  and  takes  a  darker 
colour.    This  circumstance  has  certainly  as  great  an  influ* 
ence  in  diminishing  its  combustibility  as  the  loss  of  its  hydro- 
gen*    In  the  state  of  least  condensation  in  which  it  is  obtain- 
ed, when  just  separated  from  the  potassium  by  means  of  wa- 
ter, it  may  be  compared,  as  to  its  combustibility,  to  the  po- 
rous hydrogenated  charcoal  of  lint,  which  takes  fire  by  the 
sparks  of  a  steel,  but  which  loses  this  property  after  having 
been  exposed  to  an  elevated  temperature.    The  incombusti- 
bility of  silicium  is  besides  so  great,  that  the  small  quantity 
of  it  which  remains  on  the  filters  may  be  found  by  burning 
them  and  treating  the  ashes  with  fluoric  acid. 
Silicium,  even  when  dry,  stains,  and  strongly  adheres  to  the 

Slass  vessels  in  which  it  is  kept.  When  it  is  treated  with 
uoric  acid,  the  licjuid  is  covered  with  a  little  pellicle,  which 
envelopes,  as  fat  oils  do,  each  drop  that  is  taken  from  it.  This 
pellicle  rises  on  the  sides  of  the  vessels  so  long  as  they  arc 
damp,  and  then  appears,  by  refraction,  of  a  clearer  colour 
than  the  silicium  wnich  is  under  the  liquid. 

Silicium  is  a  non-conductor  of  electricity.  That  which  has 
become  incombustible  by  its  exposure  to  a  strong  heat  does 
not  undergo  any  change,  if,  whilst  red-hot,  chlorate  of  potash 
is  thrown  upon  it.  It  is  not  attacked  by  saltpetre  until  the 
temperature  is  raised  sufiSciently  to  decompose  the  nitric  acid, 
and  the  affinihr  of  the  alkali  begins  to  act;  but  at  a  t^hite 
beat  it  is  acted  upon  with  great  energy  by  that  salt. 
Bos.  Jour.  Oct.  1835.  6 
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With  carbonate  of  potash,  silicium  burns  very  easily  with 
a  vivid  inflammation ;  carbonic  oxide  is  given  out,  and  the  re* 
duccd  carbon  imparts  a  black  colour  to  the  mass.  The  in- 
candescence is  so  much  the  more  intense,  and  the  tempera- 
ture requires  to  be  so  much  less  elevated  in  order  to  deter- 
mine the  action,  as  less  carbonate  of  potash  or  of  soda  is  tak- 
en. Thus,  for  example,  taking  a  portion  of  carbonate  equal 
in  bulk  to  half  the  silicium,  the  inflammation  takes  place 
much  below  the  temperature  of  ignition.  With  greater  quan- 
tities of  the  carbonate,  the  mass  becomes  distended  bj  the 
production  of  the  carbonic  oxide,  takes  fire  and  burns  with  a 
blue  flame.  If  a  still  greater  quantity  of  carbonate  be  em- 
ployed, no  signs  of  combustion  can  be  perceived  5  the  mass 
does  not  grow  black,  and  merely  gives  out  carbonic  oxide. 

From  this  mode  of  action  of  silicium  with  carbonate  of 
potash  arises  a  very  paradoxical  phenomenon.  If  some  in- 
combustible silicium  is  heated  with  saltpetre  to  a  moderate 
red,  on  a  leaf  of  platinum  or  in  a  little  crucible,  no  action  will 
be  observed ;  but  if  there  is  added  a  little  dry  carbonate  of 
soda,  so  that  it  may  touch  the  silicium,  a  detonation  will  take 
place,  at  the  expense  of  the  carbonate,  in  the  midst  of  the 
saltpetre,  and  the  mass  will  preserve  for  some  time  its  black 
colour. 

The  cause  from  which  the  silicium  burns  at  a  low  tempe- 
rature more  easily  with  the  carbonate  than  with  saltpetre,  is 
without  doubt  owing  to  the  affinity  of  the  alkali  for  silica  be- 
ing necessary  to  determine  the  combustion  of  the  silicium,  and 
not  being  able  to  manifest  itself  with  the  saltpetre  except 
when  the  temperature  is  sufficiently  elevated  for  the  decom- 
position of  the  nitric  acid.  If  the  burnt  mass  continues  black 
some  time  longer,  this  arises  from  the  new  combination  be- 
ing compact,  and  protecting  the  carbon  until  it  enters  into 
fusion. 

Silicium  detonates  with  the  hydrates  of  the  fixed  alkalies, 
producing  a  vivid  incandescence  at  a  temperature  at  which 
they  melt,  but  much  below  that  of  ignition.  Hydrogen  gas 
is  given  out,  which  is  seen  to  burn  when  the  bulk  of  the  mass 
is  not  too  small.  The  same  phenomena  are  observed  with 
the  hydrate  of  barytes.  Incandescence  also  takes  place  with 
the  hydrate  of  lime ;  but  it  is  very  feeble,  and  the  silicium  is 
oxidated  but  imperfectly.  With  the  acid  fluate  of  potash  it 
detonates  at  the  fusing  temperature  of  the  salt,  that  is  to  say, 
much  bdow  a  red  heat;  it  is  not  affected  by  fused  borax. 

Silicium  heated  to  a  perfect  red  in  the  vapour  of  sulphur 
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inflames  and  burns,  but  with  less  intensity  than  in  oxygen  ; 
and  the  combination  even  does  not  take  place  with  the  incom- 
bustible silicium.  The  sulphuration  is  usually  as  incompiele 
as  the  oxidation,  and  a  scorified  mass  is  obtained  of  a  dark 
gray  colour.  It  sometimes  happens,  however,  particularly 
when  a  vacuum  is  made  in  the  vessels  before  volatilizing  the 
sulphur,  that  the  silicium  becomes  completely  sulphuretted, 
at  least  in  a  part  of  its  mass.  It  then  presents  an  earthy 
white  body,  which,  thrown  into  water,  instantly  dissolves  in 
it  with  the  evolution  of  sulphuretted  hydrogen.  The  silicium 
is  converted  into  silica  which  dissolves  in  the  water ;  and  if 
this  is  in  small  quantity,  a  solution  may  be  obtained  so  much 
concentrated,  that  it  solidifies  after  a  slight  evaporation,  and 
it  leaves  the  silica,  after  the  desiccation,  in  a  transparent  fis- 
sured mass.  Silicium  imperfectly  sulphuretted  also  decom- 
poses water  rapidly,  with  the  disengagement  of  hydrogen,  and 
solution  of  the  silica  in  the  water ;  and  the  silicium  which  was 
not  combined  with  the  sulphur  becomes  separated.  In  the 
air  the  sulphuret  of  silicium  diffuses  a  very  strong  smell  of 
sulphuretted  hydrogen,  and  loses  in  a  little  time  all  its  sul- 
phur ;  bat  in  dry  air  it  may  be  preserved  a  long  time.  At 
a  red  heat,  it  contracts  and  shrivels  up,  yielding  sulphurous 
acid  and  silica.  This  change,  however,  takes  place  but  slow- 
ly ;  for  when  kept  at  a  red  heat  for  some  moments,  it  still 
has  the  property  of  decomposing  water. 

The  siliciuret  of  potassium  readily  combines  with  sulphur 
at  a  red  heat ;  but  if  the  mass  is  dissolved  in  water,  there 
remains  much  silicium,  unless  the  mass  be  newly  exposed  to 
a  white  heat,  because  the  silicium  then  combines  with  the 
sulphur  at  the  expense  of  the  potassium  previously  sulphuret- 
ted at  a  more  elevated  temperature.  This  combination  is  a 
true  double  sulphuret ;  its  colour  is  of  a  dark  brown,  almost 
black.  It  presents  a  melted  mass  which  dissolves  in  water. 
It  is  difiicult  to  say  whether  it  dissolves  without  changing  its 
nature ;  but  since  the  sulphuret  of  silicium  is  decomposed  in 
water,  and  sulphuretted  hydrogen  has  a  great  affinity  for  the 
sulphuret  of  potassium,  it  is  very  probable  that  in  the  solution 
there  exists  some  silicate  of  potash  with  hydro-sulphuret  of 
the  same  alkali.  The  combinations  of  the  sulphuret  of  sili- 
cium with  the  metallic  sulphurets,  although  they  exist  in  the 
dry  way,  cannot,  it  appears,  exist  in  water. 

It  is  certainly  a  very  remarkable  fact  to  see  the  silica  dis- 
solve in  so  great  quantity  in  water  at  the  moment  of  its  forma- 
tion, and  lose  this  property  by  evaporation,  so  as  to  become 
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insoluble  in  acids.  This  great  solubility,  shown  by  the  pre* 
ceding  experiments,  explains  the  numerous  crystallizations 
of  silica  in  the  cavities  of  druses,  which  sometimes  could  not 
contain  a  volume  of  liquid  ever  so  little  greater  than  the  crys* 
tal  itself.  Nevertheless,  I  do  not  pretend  that  the  silica  bad 
been  in  solution  as  in  our  example;  that  is  to  say,  that  it  was 
the  result  of  the  decomposition  of  the  sulphuret  of  silicium. 

I  did  not  succeed  in  combining  phosphorus  with  silicium 
by  bringing  it  into  contact  with  the  latter  at  a  red  heat.  I 
did  not  try  any  other  process. 

If  silicium  is  heated  in  a  current  of  chlorine,  it  takes  fire  and 
continues  to  burn.  If  the  gas  contains  atmospheric  air,  some 
sitica  remains  in  the  form  a  slight  skeleton.  Silicium  bums 
equally  well  in  chlorine,  whether  or  not  it  has  lost  its  combus- 
tibility in  the  air.  The  product  condenses  and  presents  a 
yellowish  liquid  when  it  contains  an  excess  of  chlorine,  but 
which  is  without  colour  when  it  is  freed  from  this  excess. 
This  liquid  is  very  fluid ;  it  evaporates  almost  instantaneously 
when  exposed  to  the  air,  yielding  white  vapours,  and  leaving 
a  residuum  of  silica.  It  has  a  very  penetrating  smell,  which 
may  be  compared  .in  some  degree  to  that  of  cyanogen. 
Thrown  into  water,  it  floats  on  the  top;  it  generally  dissolves 
in  it,  or  leaves  a  little  silica.  If  the  quantity  of  the  water  is 
small,  a  drop,  for  example,  on  as  much  choride  of  silicium, 
this  envelopes  it,  and  the  silica  remains  in  a  frothy  semi-trans* 
parent  mass.  This  liquid  is  analogous  to  the  combinations 
of  the  other  electro-negative  bodies  with  chlorine.  It  red- 
dens  litmus  paper;  it  is  the  second  example  kno}vn  of  a  liquid 
combination  formed  by  silicium. 

At  common  temperatures  potassium  has  no  action  on  chlo- 
ride ol  silicium ;  but  when  heated  in  the  vapour  of  the  latter 
substance  it  takes  fire  and  produces  a  compound  of  potassium 
and  of  silicium.  The  iodide  of  potassium  does  not  combine 
with  silicium* 

^  Silicium  is  neither  dissolyed  nor  attacked  by  the  sulphuric, 
nitric,  or  muriatic  acids,  and  not  even  by  aqua  regia.  In  its 
combustible  state  it  is  slowly  dissolved  by  fluoric  acid  with 
the  evolution  of  hydrogen  ;  but  in  losing  its  combustibility,  it 
loses  also  the  property  of  dissolving  in  this  acid.  It  is,  on 
the  contrary,  dissolved  with  rapidity,  even  in  the  cold,  by  a 
mixture  of  the  nitric  and  fluoric  acids,  nitrous  gas  being  given 
out.  Combustible  silicium  is  dissolved  by  digestion  in  a  so- 
lution of  caustic  potash ;  but  when  rendered  incombustible,  it 
is  00  longer  attacked  by  the  alkalies  in  the  humid  way. 
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Silicium,  when  once  isolated,  combines  with  the  metals 
with  much  difficulty.  Its  remarkable  affinity  for  platinum  is 
known  by  the  experiments  of  M«  Boussingault ;  but  it  may 
be  heated  as  often  and  as  long  as  we  choose  in  a  platinum 
crucible,  without  any  combination  taking  place.  But  if  we 
endeavour  to  reduce  silicium  by  potassium  in  a  platinum  cru* 
cible,  the  silicium  penetrates  deeply  into  the  platinum  where* 
ever  this  is  touched  by  the  potassium.  Copper,  silver,  lead^ 
and  tin,  heated  with  silicium  by  the  blowpipe,  do  not  seem 
changed  in  their  appearance,  nor  in  their  ductility ;  notwith- 
standing when  they  are  treated  with  acids  they  leave  a  small 
quantity  of  silica.  The  copper,  particularly,  left  a  skelrHon 
of  the  same  form  as  its  own.  It  is  here  to  be  remarked  that 
silicium,  which  alone  is  not  attacked  by  the  acids,  is  oxidat- 
ed by  them  when  its  combinations  with  the  metals  are  dis- 
solved. We  have,  however,  a  similar  example  already  in 
rhodium,  which,  though  not  attacked  per  se  oy  aqua-regia^ 
is  dissolved  by  it  when  alloyed  with  certain  metals. 

Titanium,  which  approaches  so  near  to  silicium  in  its  prop- 
erties, is  also  insoluble  in  acids  in  the  metallic  state  (witn  the 
exception  of  a  mixture  of  the  fluoric  and  nitric  acids),  whilst 
it  is  oxidated  and  easily  dissolved  when  alloyed  with  otuer 
metals. 

Silicium  combines  with  potassium  at  a  high  temperature, 
but  without  the  evolution  of  a  remarkable  heat.  It  affords 
two  combinations;  one,  with  excess  of  potassium,  of  a  dark- 
gray,  and  which  dissolves  completely  in  water ;  the  other, 
with  less  potassium,  is  obtained  by  the  reduction  before  stat- 
ed, or  by  exposing  the  first  to  a  very  strong  heat.  It  is  be* 
sides  probable  that  silicium  may  form  with  the  metals  com- 
binations, the  proportions  of  which  correspond  with  those  of 
their  silicites. — I  reserve  these  researches  for  another  time* 

[To 6c  continued.^ 


Art.  V. — On  a  Scarlet  Sufxhromate  of  Lead^  aiid  tis  Appllca- 
lion  to  Painting  and  Calico  Printing.  By  John  Badams,  Esq. 
[Ann*  PhilosJ] 

It  was  announced  by  Dulong,  in  the  Ann.  de  Chim.,  so  long 
ago  as  the  year  1812,  that  by  boiling  together  carbonate  of 
lead  and  chromate  of  potash  in  excess,  a  red  sub-chromate  of 
lead  is  produced,  containing  exactly  double  the  quantity  of 
lead  in  the  common  chromate.    Ten  years  afterwards^  in  the 
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same  journal,  Grouvelle  announced  the  existence  of  a  red 
chromate,  and  gave  several  processes  for  preparing  it,  but 
made  no  mention  of  Dulong's  discovery.  It  is  remarkable 
that  neither  of  these  chemists^  nor  any  subsequent  writer,  ap- 
pears to  have  noticed  the  important  uses  to  which  this  sub- 
stance is  applicable. 

Having  made  a  variety  of  experiments  upon  its  properties), 
as  a  fast  colour  in  calico-printing,  and  a  durable  pigment  for 
artists  in  oil  and  water,  I  wish  to  give  publicity  to  tne  advc^n- 
tages  which,  I  think,  the  arts  will  derive  from  its  adoption. 

Grouvelle^s  method  of  preparing  red  chromate  of  lead  con- 
sists in  boiling  the  common  yellow  chromate  with  potash; for 
practical  pur|>oses,this  is  much  more  convenient  than  Dulong^s 
process,  and  gives  a  very  fine  colour.  By  some  unaccounta- 
ble blunder,  however,  the  ingenious  author  of  this  formula  so 
completely  mistakes  the  nature  of  the  substance  produced  by 
it,  that  every  step  he  takes  in  his  anal  vsis  to  explain  the  com- 
position of  the  red  chromate,  only  tends  to  involve  it  in  deeper 
obscurity.     But  he  must  speak  for  himself. 

'^  J'ai  analyse  comparativement  le  chromate  janne,  le  rouge, 
et  le  plomb  rouge  de  Siberie.  Tons  donnent  exactement  le  meme 
rapport  entre  tcLcide  et  Poxide.  Ce  sont  des  chromates  neu- 
tres;  seulement  le  chromate  rouge  contient  une  petite  qauntite 
d'alcali,  qui  m'a  paru  eire  de  la  1.  6;"  and  yet  in  the  very 
next  page,  the  author  contradicts  himself,  and  says,  in  summing 
up, 

^^  II  suit  de  la  que  Talcali  parait  etre  combine  a  Toxide  de 
plomb,  et  que  cette  combinaison  unie  au  chromate  do  plomb, 
donne  lieu  au  chromate  rouge,  qui  contient  ainsi  un  pen  plus 
d*oxide  de  plomb  que  le  chromate  neutre." 

Grouvelle  then  goes  on  to  assert,  that  he  finds  little  alkali 
(lime)  in  the  native  red  lead  of  Siberia,  though,  as  he  admits, 
this  very  ore  becomes  yellow  on  beinff  powdered,  which,  if 
it  really  contained  lime,  it  ought  not  to  ao. 

1  shall  now  endeavour  to  show  that  the  whole  of  this  analy- 
sis is  erroneous. 

(A.)  100  grains  of  scarlet  chromate  of  lead  made  by  Grou- 
velle's  process,  were  digested  for  half  an  hour  with  constant 
stirring  in  very  diluted  acetic  acid.  The  red  colour  gradually 
but  totally  disappeared,  and  was  succeeded  by  a  pure  yellow. 
This  yellow  powder,  carefully  washed  and  dried  at  300% 
weighed  60  grains,  and  proved  on  examination  to  be  common 
chromate  of  lead. 

Here  then  we  have  red  chromate  of  lead  (said  by  Grouvelle 
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to  contain  exactly  the  same  proportions  of  oxide  and  acid  as 
the  yellow  chromate)  resolved  into  60  grains  of  yellow  chro- 
mate  and  40  grains  of  some  other  substance,  which  we  shall 
see,  by  the  next  experiment,  to  be  oxide  of  load. 

(B.)  *1  he  acetic  acid,  holding  in  solution  40  grains  of  the 
original  weight  of  the  red  chromate  employed,  was  perfectly 
colourless  and  transparent ;  and  on  being  gently  evaporated 
in  a  water  bath,  shot  entirely  into  crystal^,  bearing  the  well- 
known  character  of  acetate  of  lead.  On  redissolving  these 
crystals^  in  water,  and  boiling  them  with  an  excess  of  car- 
bonate of  ammonia,  a  dense  white  precipitate  fell,  weighing, 
when  dried,  46  grains=38.45  nearly  oxide  of  lead.* 

(C.)  To  ascertain  whether  any  sensible  portion  of  potash 
originally  entered  into  the  composition  of  this  red  chromate, 
the  ammoniacal  solution  was  evaporated  gently  in  a  large  pla- 
tina  crucible,  and  gradually  exposed  to  a  red  heat;  the  whole 
residue  sublimed,  leaving  only  a  scarcely  perceptible  stain  of 
lead  upon  the  surface  of  the  crucible.  A  little  water  now 
boiled  in  the  same  crucible  did  not  affect  the  colour  of  turme- 
ric paper  in  the  slightest  degree ;  hence  no  potash  whatever 
can  be  suspected. 

On  repeating  these  experiments,  I  feel  satisjQed  that  the  40 
trains  of  loss  sustained  by  the  red  chromate  in  experiment 
(A),  were  entirely  due  to  oxide  of  lead  ;  and  that  100  grains 
of  red  chromate  were  resolved  into  60  grains  of  yellow  chro- 
mate and  40  oxide  of  lead.  But  60  grains  of  yellow  chromate 
are  composed  of  40.98  oxide  of  lead,  and  1 9.02  chromic  acid ; 
hence  it  cannot  be  doubted  that  yellow  chromate  contains  just 
half  the  proportion  of  oxide  in  the  red  chromate ;  in  which 
case  the  atomic  constitution  of  the  two  chromates  of  lead  will 
be  as  follows : 

Yellow  Chromate.  Red  Chromate. 

Chromic  acid....  19.02,  1  atom  Chromic  acid...l9.02,  1  atom 

Oxide  of  lead....40.98,  1  atom  Oxide  of  lead...81.96, 2  atoms 
Or  100  parts  consist  of 

Chromic  acid • 31.7     Chromic  acid 18.84 

Oxide  of  lead 68.3     Oxide  of  lead 81.16 


100.00  100.00 


*  The  difference  between  88.46  and  40  is  owing  to  the  imperfect  precipi- 
tation of  oxide  of  lead  by  carbonate  of  ammonia. 
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In  order  further  to  show  the  true  composition  of  red  sub- 
chromate  of  lead,  as  I  majr  now  venture  to  call  it,  I  took  60 
grs  of  yellow  chromate  and  ground  them  with  40  grains  of 
oxide  of  lead,  adding  small  quantities  of  hot  water  from  time 
to  time :  they  united  into  a  red  sub-chromate. 

Uses* 

I  have  endeavoured,  at  some  length,  to  clear  up  th^-theory 
of  the  two  chromates  of  lead,  because  one  radical  error  of  the 
nature  which  Grouvelle  has  committed,  leads  to  endless  mis- 
takes and  disappointments  in  the  practical  operations  which 
are  founded  upon  it.     I  have  before  alluded  to  the  advanta- 
geous use  of  sub-chromate  of  lead  in  dving  a  permanent  orange 
scarlet  upon  cotton.     The  mode  of  its  application  to  cajico- 
printing  will  be  obvious  to  all  who  know  the  principle  upon 
which  yellow  chromate  of  lead  is  made  fast;  and  no  intelligent 
calico-printer  will  need  any  further  information  from  me,  as 
his  own  practice  in  fixing  the  yellow  chromate,  added  to  what 
has  leeirhere  said  of  the  nature  and  preparation  of  the  red 
sub-chromate,  will  readily  suggest  what  is  necessary.    I  shall 
only  remark  that  nitrate  of.  lead  and  an  alkaline  solution  of 
chromate  of  potash,  will  give  him  the  colour.    He  may  accu- 
mulate, besides,  some  insoluble  salts  of  lead  in  the  pores  of 
the  cloth,  to  give  stability  to  the  tint,  and  may  modify  the 
operation  by  various  means,  but  in  all  cases  the  colours  must 
be  heightened  at  last,  by  passing  them  through  boiling  water. 
Scarlet  sub-chromate  of  lead  is  extremely  beautiful  when 
ground  up  with  oil,  and  possesses  great  body  as  a  pigment.    It 
is  not  degraded  in  its  hue,  like  vermillion,  by  admixture  with 
white  lead ;  it  mingles  with  other  colours,  and  shows  no  signs, 
after  a  long  exposure,  of  any  change  by  time.     As  a  water- 
colour*  1  dare  not  yet  say  that  it  has  been  tried  sufficiently  to 
authorize  a  positive  declaration  that  it  will  not  blacken,  but 
several  pieces  of  cards  and  thin  paper  painted  with  it,  and 
hung  upon  the  walls  of  inhabited  houses,  likely  to  influence 
the  colour  of  salts  of  lead,  have  not,  in  some  months,  percepti- 
bly diminished  in  brightness.     Should  a  loneer  experience 
confirm  the  promise  already  given,  I  shall  be  nappy  to  make 
it  known  to  artists,  as  they  have  nothing  equal  in  colour  to 
red  lead  which  they  can  trust  in  their  drawings  for  a  month 
even,  and  uo  tint  would  be  a  more  desirable  accession  to  the 
pallet,  than  ^  bright  and  permanent  scarlet,  or  scarlet  orange. 
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Art.  yiL — Essai  giognostiqae,  sur  le  gisement  des  Roches  dans 
les  dmx  Hemispheres^  par  A,  de  Humboldt.  1  vol.  8vo.  Paris, 

1823. A  Geognostical  Essay  on  the  Superposiiion  of  Racks 

in  both  Hemispheres.    Translated  from  the  Original  French. 
London,  IQ^SJJij  . .  Roy.  Inst.'] 

It  is  known  that  Baron  Alexander  Humboldt  is  a  great 
traveller,  and  it  is  believed  that  he  is  a  great  Astronomer,  a 
great  Botanist,  a  great  Political  Economist,  and  to  sum  up  all, 
a  great  Philosopher.  It  remained  to  be  proved  that  he  was 
also  the  great  Geologist  that  he  had  been  believed ;  and 
the  proof  is,  the  book  before  us. 

The  Title,  implicating  the  whole  sphere,  (which  is  obvi- 
ouslv  produced  by  the  addition  together  of  two  hemispheres,) 
would  have  led  us  to  expect  the  nistory  of  all  the  rocks  of 
our  sphere,  or  globe,  had  we  not  been  accustomed  to  the 
granailoquism  of  our  author ;  and  we  ought,  therefore,  to  in- 
form our  readers,  that  the  ^^  gisements''  in  question  are  con- 
fined to  a  very  small  portion  of  Europe,  and  a  much  smaller 
one  of  America.  The  other  two  hemispheres,  Asia  and  Afri- 
ca, will  probably  appear  in  a  future  volume.  But  this  work 
embraces  "  pour  ainsi  dire,  toute  la  geognosie  positive  '^  a  fact 
which  we  are  very  happy  to  hear,  as  th^  shelves  of  the  Geo- 
logical Society  may  now  discard  the  lumber,  German,  French, 
and  Italian,  besides  English,  with  which  they  are  loaded, 
and  replace  it  with  this  volume  of  quintessence. 

Before  proceeding  further,  however,  we  ought  probably 
to  apologize  to  Baron  Humboldt,  to  our  readers,  and  to  what 
is  commonly  called  the  world,  for  daring  to  take  liberties  with 
a  Great  Man,  or  a  Great  Name  rather.  It  is  the  courtesy  of 
society  to  fall  down  and  worship  the  idol  which  it  has  set  up, 
and  thus  that  Scotch  Entity,  called  the  Great  Unknown,  is 
permitted  to  write  with  impunity  even  St  Rortttn^s  Well.  All 
that  we  can  say,  however,  in  our  defence  is,  that  whatever 
respect  we  may  have  for  Trojan  or  Tyrian,  we  have  more 
for  truth  ;  and  that  if  Plato  himself  had  written  on  the  two 
hemispheres,  we  should  have  equally  asked,  what  he  knew  of 
them. 

Why  will  not  M.  Humboldt  tell  a  plain  tale  plainly ;  if  he 
had  useful  geological  information  to  give  on  an  unknown 
country,  he  might  have  done  it  without  all  this  pretension* 
His  book  is  not  a  system  of  Geo^osy,  and  it  is  not  a  descrip- 
tion of  the  positions  of  the  rocks  in  the  two  hemispheres. 
The  Equator,  the  Andes,  the  Amazon,  the  Oroonoco,  are  sono- 
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rous  words,  but  the  world  already  knows,  and  is  wearied  of 
hearing,  that  he  has  travelled  them ;  weary  of  his  travels, 
weary  of  his  latitudes,  weary  of  his  isothermal  lines,  weary  of 
his  geography  of  plants  and  animals,  and  weary  of  him.     The 
very  Faubourg  St  Germain,  the  saloons,  the  coteries,  are  as 
weary  of  the  Andes,  as  are  Cuvier,  Arae;o,  and  Fourrier,     We 
must  not,  however,  transgress  the  circle  here  drawn  round 
us ;  yet,  in  this  narrow  book,  we  can  find  matter  for  caution 
and  advice,  which  in  sincerity  and  friendship,  whatever  M. 
Humboldt  may  thinks  we  offer  to  him.     He  has  seen  much 
that  others  have  not ;  he  has  collected  facts  that  others  have 
not ;  he  has  travelled,  and  he  might  have  instructed ;  but  not 
content  with  such  fame,  and  such  praise  as  he  might  have 
commanded,  he  has  been  resolved  to  be  a  philosopher  and  a 
Sublime;  to  Chateau briindize  on  weeds,  and  algebraize  on 
stones^  iorgetting  that  he  who  has  placed  one  foot  on  the  pin- 
nacle is  thus  much  nearer  to  the  bottom — "il  n'y  a  qu'un  pas." 
There  is  a  certain  singleness  and  simplicity  of  apprehen- 
sion necessary  to  writing  clearly,  and  this  is  a  quality,  we 
grieve  to  say,  which  M.  Humboldt  docs  not  possess.     If  there 
be  an  idea,  it  is  involved  in  such  a  mass  of  words  that  it  is 
suffocated ;  if  there  be  two,  they  become  so  entangled  that 
their  separate  identity  disappears.       The  Baron's  writing 
appears  to  have  set  for  its  portrait  to  M.  Fuselis'  lectures  on 
painting.     The  purpose  of  language,  says  Swift,  (among  oth- 
ers) is  to  conceal  your  thoughts ;  but  it  is  another  important 
purpose,  which  he  has  overlooked,  to  be  a  substitute  for 
them* 

There  are  always  two  terms,  a  good  and  a  bad  one,  for 
every  human  action,  for  every  thmg.  Michael  Angelo  is 
grand,  or  extravagant  and  absurd.  M.  Humboldt  professes 
to  generalize ;  his  views  are  grand,  broad,  poetical ;  or  else 
they  are  fictitious,  slovenly,  or  dreamy.  The  mob  has  voted 
"  the  ayes ;"  we  are  of  tne  contrary  opinion.  In  philoso- 
phy, in  science,  natural  or  otherwise,  we  know  of  no  general- 
ization that  is  not  a  collation  and  abstract  of  facts.  Without 
this,  it  is  all  guess  and  fancy  )  and  the  fancies  are  commonly 
abundantly  dull,  moreover.  Isothermal  curves  may  capti- 
vate the  uninquiring  herd,  as  do  the  crotchets  of  algebra, 
since  they  look  profound,  like  lord  Burleigh ;  but  like  Wd 
Burleigh,  it  is  to  say  nothing.  We  should  be  much  more 
grateful  to  M.  Humboldt  if  he  would  particularize ;  we  do 
not  want  pages  of  guessing ;  and  if  we  are  to  road  poetry,  let 
it  be  John  Gilpin  or  Childe  Harold ;  nor  "Goddess  write 
about  it  and  about  it*'' 
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'  Can  we  now  convince  M.  Humboldt  that  we  are  his  friends 
and  well  wishers  ?  if  we  tell  him  of  his  faults,  where  else  will 
he  find  snicerer  ones  ?  But  we  must  proceed  to  the  "  Gise- 
ment  des  Roches.'' 

Upwards  of  80  pages  are  occupied  in  something  that  looks 
like  an  introduction,  being  a  loo^e  collection  of  facts,  words, 
and  opinions ;  and  this  is  followed  bj  an  account  of  all  the 
acknowledged  rocks,  from  granite  upwards.  Such  is  the 
plan  of  the  work,  which  is  nearly  as  undigested  as  its  materi- 
als are  indigestible. 

To  give  any  thin^  like  an  analysis  of  the  introductory 
matter,  which  seems  intended  as  a  soil  of  abstract  of  the  sci- 
ence, is  impossible.  We  are  lost  amid  the  vagueness  of  what 
might  •  have  been  compressed  into  half  the  space,  or  less, 
while  it  ought  to  have  been  divided  into  paragraphs  or  sub- 
jects. It  is  not  thus  that  philosophy  is  to  be  written  or 
taueht ;  and  if  this  be  Geognosy,  we  shall  remain  content 
with  simple  Geology-  If  there  is  a  want  of  precision,  of  def- 
inittntss  in  the  manner,  there  is  not  less  in  the  matter ;  while 
with  a  mixture  of  pedantry  and  modernism,  there  is  that  an- 
tiquated phraseology,  derived  from  Freyberg,  which  shows 
that  the  author  has  not  reached  up  to  the  level  of  our  present 
knowledge,  but  is  merely  ingrafting  a  few  facts  from  a  better 
source,  on  the  cant  and  dogmas  of  his  school.  The  want  of 
purpose,  the  vagueness  of  ideas,  the  parade  of  science,  which 
are  so  characteristic  of  this  writer,  will  perhaps  be  rendered 
as  visible  bv  the  following  passage  as  by  any  other ;  and  it 
is  really  selected  without  any  invidious  motives,  and  as  an 
example  of  his  style  and  turn  of  thinking 

^'  We  must  not  confound  (a  point  on  which  I  have  often  insist- 
ed in  this  essay)  rocks  passing  insensibly  to  those  with  which  they 
are  in  immediate  contact ;  for  instance,  mica-slates  that  osdlUite 
between  gneiss  and  clay-slate,  with  rocks  that  alternate  together, 
and  preserve  all  their  distinct  characters  of  composition  and  struc- 
ture. M.  d'Aobuisson  has  long  since  shown,  that  chemical  anal- 
ysis connects  clay-slate  with  mica.  {Journal  de  Physique^  torn* 
Ixviii.  page  128.  Traith  de  Geognosie^  torn.  ii.  pag3^97.)  The  for- 
mer it  is  true  has  not,  indeed,  the  metallic  lustre  of  mica-slate  :  it 
contains  a  little  less  potash  and  more  carbon ;  the  silica  does  not 
unite  in  knots  or  thin  plates  of  quartz,  as  in  mica-slate;  but  there 
can  be  no  doubt  that  the  scales  of  mica  constitute  the  principal 
bapis  of  clay-slate.  These  scales  are  so  united  together,  that  the 
eye  cannot  distinguish  them  in  the  mass.  Perhaps  this  very  affin- 
i^  prevents,  the  alternation  of  clay-elate  and  mica-slate ;  for  in 
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these  alternations  nature  seems  to  favour  the  association  of  hete* 
rogeoeous  rocks,  or,  to  use  a  figurative  expression,  she  delights 
in  those  associations  in  which  alternating  rocks  exhibit  a  great 
contrast  of  crystallization,  mixture,  and  colour,  i  saw  in  New 
Spnin  dark-coloured  greenstone  alternating  thousands  of  times 
with  reddi.sh-white  syenites,  that  abound  more  in  quartz  than  in 
feldspar;  veins  of  syeniie  occur  in  this  greenstone,  and  veins  of 
geen^tone  in  the  syenite  ;  but  neither  of  those  rocks  passes  into 
the  other.  (^Essai  Politique  sur  la  JSfouvelle  Espagne^  torn.  U.-  p* 
523.)  At  their  actual  contact,  they  exhibit  differences  as  strong- 
ly marked  as  the  porphyries  that  alternate  with  graiiwackes  and 
syenites,  the  black  limestone  that  alternates  with  transition  clay- 
slate,  and  many  other  rocks  altogether  heterogeneous  in  their 
composition  and  general  aspect.  It  may  he  observed  further, 
that  when  in  primitive  formations,  rocks  more  nearly  allied  to 
each  other  from  their  composition  than  by  their  structure,  or 
their  mode  of  aggregation,  for  instance,  granite  and  gneiss,  or 
gneiss  and  mica-slate,  alternate,  those  rocks  do  not  show  the 
same  tendency  to  pass  into  each  other,  which  they  display  in 
non-complex  formations.  We  have  already  observed  above,  that 
a  bed  |3,  when  it  occurs  more  frequently  in  the  rock  a,  points  out 
to  the  geognostic  traveller,  that  the  simple  formation  a  is  about 
to  be  succeeded  by  a  complex  formation,  in  which  a  and  p  alter- 
nate. Afterwards  it  may  happen  that  p  assumes  a  greater  devei- 
opement ;  that  a  is  no  longer  an  alternating  rock,  but  merely  a 
subordinate  bed  to  /3,  and  that  this  rock  p  appears  by  itself,  till 
by  the  frequent  appearance  of  beds  y^  it  forms  the  prelude  to  a 
complex  formation  of  p  alternating  with  y.  We  may  substitute 
to  these  signs  the  words  granite,  gneiss,  and  mica-slate  ;  those  of 
porphyry,  grauwacke,  and  syenite ;  of  gypsum^  marl,  and  fetid 
limestone  (stinkstein) ;  but  the  pasigraphic  language  has  the  ad- 
vantage of  generalizing  problems,  and  conforms  more  to  the 
requisites  of  geognostic  philosophy^  of  which  I  here  attempt  to 
trace  the  first  elements,  as  far  as  regards  the  study  of  the  super- 
position of  rocks.  But,  between  fornmtions,  simple  and  nearly 
connected  in  the  order  of  their  relative  antiquity,  between  the 
formations  apy^  complex  formations,  a  p  and  P  y^  are  often  found 
placed,  (that  is,  a  alternating  with  |3,  and  p  alternating  with  y ;) 
it  is  also  observed,  though  less  frequently^  that  one  of  those  for- 
mations (for  instance^  a)  takes  an  increase  so  extraordinary,  that 
it  envelopes  the  formation  /?,  and  that  /3,  instead  of  appearing  as 
an  independent  rock,  placed  between  a  and  y^  is  only  a  bed  in  cr. 
Thus,  in  Lower  Silesia,  the  red  sandstone  contains  the  formation 
of  zechstein ;  the  limestone  of.  Kunzerdorf  with  impressions  of 
fish,  and  analogous  to  the  bituminous  marl  of  Tburingia  abound* 
ing  also  in  fish  is  entirely  enveloped  in  the  coal  sandstone* 
(Buch.  Beob.  t,  i.  p.  104,  167 ;  Id.  RmoMoh  Jforvsegimy  t  i.  p^ 
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158 ;  Raumer,  Gebirge  von  Nieder-Sckluien^  p.  79.)  M.  Beudant 
(See  Min,  U  iii.  p.  183,)  has  observed  a  similar  phenomenon  in 
Hangary.  In  other  regions,  for  instance,  in  SwitaserJand,  and  at 
the  southern  extremity  of  Saxony,  the  red  sandstone  disappears 
altogether ;  being  replaced,  or  in  some  sort  suppressed,  by  an 
Immense  developeroent  of  grauwacke,  or  of  alpine  limestone. 
(Freiesleben,  Kup/erseh^  b.  iv.  109.)  These  e£fects  of  the  alter- 
nation and  unequal  developement  of  rocks  are  so  much  the  more 
worthy  of  attention,  as  the  stady  of  them  may  throw  light  on 
some  apparent  deviations  from  a  type  of  superposition  generally 
received,  and  may  serve  to  refer  to  a  common  type  the  series 
of  positions  observed  in  countries  very  distant  from  each  other. 

We  might  make  many  commentaries  on  this  extract,  but 
shall  content  ourselves  with  few.  We  do  not  see  any  neces- 
sity for  ^  insisting''  on  our  not  confounding  transitions  of  rocks 
into  each  other  with  mere  alternations ;  and  cannot  perceive 
the  vast  value  of  the  caution,  nor  the  importance  of  the  enun- 
ciation, as  if  it  were  the  author's  own  discovery.  As  to  M. 
d'Aubuisson,  with  his  mica  and  thonschiefer,  he  is  worthy  of 
Humboldt.  We  may  ask  either,  or  both,  what  on  earth  the 
chemical  analysis  of  a  mixed  rock  proves,  and  what  impor- 
tant consequences  follow  from  knowing  that  mica  and  clay-^ 
slate  contain  the  same  earths.  The  analysis  of  a  hundred 
sandstones  would  correspond  with  that  of  as  many  granites ; 
hornblende  contains  the  same  earths  as  clav-slate,  and  in  the 
same  proportion  ;  so  does  shale,  so  does  clay  itself,  so  does 
basalt,  so  does  greenstone,  and  so  does  pitchstone.  We  may 
add,  with  Voltaire's  "  Nonchalant,"  wnat  then  ?  As  to  our 
^not  doubting  that  scales  of  mica  constitute  the  principal  basis 
of  clay-slate,"  we  certainly  not  only  doubt,  but  deny  it.  The 
one  is  a  crystal,  or  a  crystallized  mineral,  the  other  not ;  and 
if  we  were  to  seek  for  an  identity  "  not  to  be  doubted,"  it 
would  rather  be  between  clay  and  clay-slate. 

That  nature  ^favours  the  association  of  heterogeneous 
rocks,"  is  one  of  those  frivolous  and  false  generalizations 
which  characterize  the  whole  of  this  author's  writings.  It  is 
not  the  fact,  and  if  it  were,  what  then  ?  If  there  be  great 
spaces  or  depths  of  one  rock  without  intermixture,  why  then 
there  are ;  and  if  there  are  not,  why  then  nature  must  "  please 
herself"  with  differences.  These  are  words  5  and  thus  it  is 
with  this  author,  as  if  a  different  wordage  was  philosophy 
and  a  discovery,  a  generalization  and  une  belle  idie. 

There  is  another  of  these  general  laws  equally  unmeaning, 
and,  to  say  the  truth,  not  exactly  intelligible,  at  least  in  Eng- 
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lish,  whatever  it  may  be  in  French  or  German  geognosy,  or 
in  the  geognosy  of  New  Spain.  It  is  that  "  when  in  the  prim- 
itive Class,  rocks  more  nearly  allied  to  each  other  from  their 
composition  than  by  their  structure  or  mode  of  aggregation, 
such  as  granite  and  gneiss,  or  gneiss  and  mica-siat«»,  alternate ;" 
^^  those  rocks  do  not  show  tliesame  tendency  to  pass  into  each 
other,  which  they  display  in  non-complex  formations.''  It 
is  not  by  discovering  such  laws  as  this  that  geognosy  or  any 
gnosy  will  ever  become  a  science. 

Here  also  we  stumble  on  the  threshold  of  the  author's 
new  geognostic  algebra ;  and  unquestionably,  there  is  much 
profundity  in  a  pasigraphy  of  alpha,  beta,  gamma,  delta; 
out  as  we  find  that  this  new  lithological  algorithm  is  lying  in 
wait  for  us  again  in  the  appendix,  we  shall  for  the  present 
pass  it  over,  as  well  as  the  remainder  of  a  paragraph,  which, 
thus  far,  we  owed  to  our  readers. 

There  are  many  ways  of  writing  a  new  book,  or  a  new  par- 
agraph, or  of  seeming  to  have  discovered  a  new  idea,  or  to 
have  made  a  discovery ;  and  there  is  none  much  more  effec- 
tive than  that  of  translating  a  plain,  vulgar,  intelligible,  well- 
known  fact  or  proposition,  into  long-v\inded,  altisonant,  and 
obscure  phraseology.  For  example,  it  does  not  follow  that, 
because  any  given  limestones,  such  as  that  which  lies  beneath 
the  red  marl,  contains  pectines  or  terebratulae  in  England  or 
Greenland,  it  must  also  contain  them  in  Peru  or  Napaul,  and 
it  is  not  true  that  because  an  echinus  belongs  to  chalk,  it  must 
not  also  exist  in  slate.  Nothing  can  be  plainer ;  the  truth  is, 
that  it  is  a  great  deal  too  plain.  Now  mark  how  it  is  improv- 
ed by  dress,  how  it  is  adornized,  till  we  are  as  puzzled  to  rec- 
ognise it  as  we  should  be  to  know  Mr  Waithman,  when  trick- 
ed up  in  all  the  robings  and  state  of  a  lord  Mayor. 

^^  Iq  the  case  of  the  conformity  of  position,  there  maybe  identity  of 
mass  (that  is,  of  mineralo^ical  compositioD,)  and  of  diversity  of  the 
fossils  or  diversity  of  mass  and  identity  of  fossils.  The  rocks  /3  and  j8, 
placed  at  great  horizontal  distances,  between  two  identical  forma- 
tions, a  and  /,  beionff  either  to  the  same  formation,  or  are  parallel 
formations.  In  the  first  case,  their  composition  is  similar;  but  on 
account  of  the  distance  of  places,  and  effects  of  climate,  the  organic 
remains  which  they  contain  may  differ  considerably.  In  the  second 
case  the  mineralogical  composition  is  different,  but  the  organic  re- 
mains may  be  analogous.  I  consider  the  words  idtnticai  forma" 
tions,  parallel  formations^  as  indicating  the  conformity  or  non-con- 
formity of  mineralogical  composition  ;  biit  they  do  not  enable  us 
to  prejudge  respectijig  the  identity  of  fossils.    If  it  be  sufficiently 
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probable  that  the  deposits  /9  and  /9,  placed  at  great  horizontal  dis- 
tances between  the  same  rocks,  a  and  y^  are  formed  at  the  same 
epochs,  because  they  contain  the  same  fossils,  and  are  of  the 
same  composition,  it  is  not  eqaally  probable  that  the  epochas  of 
formation  are  very  distant  from  each  other,  when  the  fossils  are 
distinct,  it  may  be  conceived  that  in  the  same  zone,  in  a  coun* 
try  of  small  extent,  generations  of  animals  have  succeeded  each 
ether,  and  have  characterized,  as  it  were  by  particular  types, 
the  epochs  of  formations ;  but  at  great  horizontal  distances,  beings 
of  various  forms  may  have  occupied  simultaneously,  in  different 
climates,  the  surface  of  the  globe,  or  the  basin  of  the  sea.  It 
may  be  observed  further,  that  the  position  of  fi  between  a  and  y 
proves  that  the  formation  of /9  is  anterior  to  that  of;/,  and  poste- 
rior to  that  of  a  ;  but  nothing  gives  us  an  absolute  meai'ure  of 
the  intervals  of  time  {les  ipoques-limites)  ;  and  different  insulated 
deposits  of  /3  may  not  be  simultaneous.^' 

The  man  who,  like  Mr  Hazlitt,  proposes  to  cover  a  certain 
surface  of  paper  with  a  certain  number  of  words,  would  be 
very  silly  if  he  were  to  trouble  himself  about  ideas,  propo- 
sitions, or  arguments.  The  public  expects  nothing  but  a  cer- 
tain jack-o'-lantern  flitting  and  dancings  which  amuses  the 
eye  vrithout  encumbring  the  thinking  powers;  and  it  issatisr 
fied*  It  reads,  because  it  is  necessary  or  convenient  to 
read;  and  the  repose  of  Its  faculties  remains  undisturbed. 
And  this  is  very  charming  reading  too ;  as  they  will  vouch, 
who  have  scanned,  with  never  exhausted  delignt,  the  exqui- 
site verses  of  a  "  Person  of  Quality,''  which  the  prophetic 
mind  of  Pope  sent  forth,  a  model  to  succeeding  ages.  But 
he  who,  like  Eudoxus  or  Euclid,  deigns  to  assert  some  fact, 
or  to  give  reasons  why  a  fact  should  be  believed,  or  to  do 
both  the  one  and  the  other,  has  generally  been  desired  to 
tell  the  nature  of  his  proposition  and  to  assign  his  reasons. 
The  very  tailor  himself,  is  indeed  unreasonable  enough  to 
expect  something  of  this  kind,  when  he  is  to  make  a  coat, 
and  when  it  is  to  be,  or  not  to  be,  made  with  a  Brummel 
collar,  or  a  Petersham  pocket.  In  all  the  sciences,  from 
piquet  to  political  economy,  as  Hoyle  and  Adam  Smith  have 
shewn,  and  even  in  geology  or  geognosy,  those  who  either 
understand,  or  desire  that  others  should  understand,  usually 
state  propositions  and  subjoin  reasons  ;  and,  most  commonly, 
when  a  man  writes  a  paragraph,  it  is  a  paragraph,  and  noth- 
ing else.  It  contains  a  head,  a  body,  and  a  tail,  much  iri  the 
manner  of  a  horse,  or  of  one  of  Cicero's  orations ;  and  does 
not  run  out  4nto  protuberances,  or  comprise  various  heads 
and  tails,  or,  beginning  with  the  history  of  a  cock,  terminate 
with  that  of  a  bull. 
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The  figure  called  rigmarole  has  not  generallj^  been  held 
in  very  particular  esteem  in  the  mathematical  sciences.  It  is 
lucky,  however,  that  it  is  approved  of  by  the  geognosts ;  and 
really  there  is  such  an  affinity,  and  a  harmony,  between  the 
two  categories  of  geognosy  and  rigmarole,  that  we  begin  to 
think  ourselves  in  error  in  doubting  the  utility  and  adapta- 
tion of  the  manner  before  us  to  the  matter.  We  were  about 
to  have  said,  ^  De  grace,  Monsieur  le  Baron,  humanisez  votre 
discours  et  parlez  pour  etre  entendu/'  But  to  what  purpose ; 
when  there  is  nothing  to  be  understood  ? 

We  have  heard  of  a  man  running  away  with  an  idea,  and 
we  have  also  heard  of  an  idea  running  away  with  a  man. 
We  have  no  great  objection  to  either.  But  when  a  man  is 
^  run  away  with^  by  half  a  dozen  at  a  time,  his  sentences 
and  paragraphs  are  apt  to  become  as  disjointed  as  he  himself 
would  be,  had  he  been  run  away  with  by  as  many  wild  hors- 
es. There  is  a  vulgar  maxim,  called  sticking  to  the  point, 
which  has  been  sometimes  recommended,  ana  which  might 
be  advantageously  applied  somewhat  more  widely,  as  for  ex- 
ample 2 — 

^^  From  these  genera!  considerations  on  zoologic  characters, 
and  the  study  of  fossil  bodies,  it  follows,  that  notwlthstaDdiDg  the 
admirable  labours  of  Camper,  Blamenbach,  aod  Sommering,  the 
<exact  determination  of  species,  and  the  examination  of  their  rela- 
tions with  beds  very  receot  and  close  to  the  chalk,  does  not  date 
farther  back  than  twenty-five  years.  I  believe  that  the  study  of 
fossil  ors^nic  bodies,  applied  to  all  other  secondary  and  interme- 
diate beds  by  geognosts,  who  consult  at  the  same  time  the  posi- 
tion and  mineral  composition  of  rocks,  far  from  overthrowing  the 
whole  system  of  formations  already  established,  will  rather  serve 
to  support,  improve,  and  complete  its  vast  series.  The  geognos- 
tic  science  of  formations  may,  no  doubt,  be  investig^ated  {envisc^ 
ger^)  under  very  different  points  of  view,  according  as  we  give 
a  preference  to  the  superposition  of  mineral  masses,  to  their 
composition  (that  is,  their  chemical  and  mechanical  analysis^)  or 
to  the  fossils  which  are  .  ontained  in  many  of  those  masses;  the 
whole  of  these  are  included  in  the  science.     The  denominations 

feognoay  of  position^  or  of  superposition^  oryctognostic  geognosy 
which  considers  the  texture  of  the  masses),  and  geognosy  of/ossils^ 
designate,  not  branches  of  the  same  science,  but  various  classes 
of  relations  which  it  is  necessary  to  insulate,  in  order  to  study 
them  more  particularly.  This  unity  of  the  science,  and  the  vast 
field  it  comprehends,  were  well  recognised  by  Werner,  the  foun- 
der of  positive  geognosy.  Although  he  did  not  possess  the  nec- 
essary means  for  attaining  a  vigorous  determination  of  fossil 
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species,  he  never  failed,  in  his  course  of  lectures,  to  fix  the  at* 
tcntion  of  his  pupils  on  the  relations  that  exist  between  certain 
fossils  and  formations  of  different  ages.  I  witnessed  the  high  sat-  ^ 
isfaction  which  he  felt,  when  M.  de  Schlottheim,  one  of  the 
most  distinguished  geognosts  of  the  school  of  Freiberg,  began 
in  1792  to  make  those  relations  the  principal  object  of  hif 
studies.  Positive  geognosy  has  been  enriched  by  ail  the  dis- 
coveries that  have  been  made  on  the  mineral  constitution  of  the 
globe,  and  furnishes  valuable  materials  to  another  science,  im 
properly  called  the  theory  of  the  earth,  which  comprehends  the 
first  history  of  the  catastrophes  of  our  planet,  it  reflects  more 
hght  on  that  science  than  it  receives  in  its  turn ;  and  without 
contesting  the  ancient  fluidity  or  the  softness  of  tlie  stony  beds, 
(a  phenomenon  proved  by  the  fossil  bodies,  by  the  crystalline 
aspect  of  the  masses,  by  the  rolled  pebbles,  or  the  fragments 
imbedded  in  the  transition  and  secondary  rocks,)  positive  geog- 
nosy does  not  pronounce  on  the  nature  of  the  liquids  in  which  it 
is  said  that  the  deposits  were  formed,  those  waters  of  granite, 
porphyry^  and  gypsum,  which  in  hypothetic  geology,  are  made  to 
arrive  tide  by  tide  on  the  same  point  of  the  globe. 

For  one  paragraph,  this  is  somewhat  lengthy,  as  Jonathan 
might  saj.  What  the  proposition  may  be,  is  another  ques- 
tion. Js  it  fossil  remains,  or  a  method  how  to  '^  envisager'' 
geognosy,  or  to  "  envisager"  the  merits  of  Werner,  or  about 
a  theory  of  the  earth  which  is  not  a  theory,  or  to  prove  that 
though  Werner  is  the  greatest  geognost  that  ever  lived,  he  had 
no  business  to  make  "  those  loaters  of  granite,  porphyty,  and 
gypsum,'"  arrive,  "  tidje  by  tide  sur  un  memo  point  du  globe  ?" 
When  a  man  sits  down  to  write  a  paragraph,  he  would  find 
it  convenient  to  ascertain  what  he  means  to  say.  He 
should  take  a  long  breath,  also,  lest  he  run  himself  out  of 
vnnd',  an  accident  which  we  have  observed  to  happen,  in 
conversation,  to  those  who  deal  in  these  same  interminable 
paragraphs. 

As  to  what  may  be  the  main  matter,  or  rather  one  of  the , 
main  matters  of  the  aforesaid  paragraph,  we  really  have 
some  doubts  respecting  the  creative  powers  of  Werner  in 
positive  geognosy.  Tne  positive  quality  we  grant,  as  this 
geognosy  never  betrayed  any  want  of  confidence  and  asser- 
tion. The  remainder  might  be  mooted  if  we  were  much  in- 
clined that  way.  We  remember  the  late  Mr  Tennant,  and 
we  remember  his  pronouncing  in  one  of  his  lectures  respect- 
ing this  creator  of  positive  geognosy, — ^"a  stupid  German 
blockhead ;" — ^^  aside,"  however,  as  is  sometimes  the  usage 
of  the  stage.     Really,  Mr  Tennant,  these  were  hard  words ; 
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but  Mr  Tennant  had  not  scaled  Cotopaxi  or  Popocatepetl. — 
Dans  Ics  pays  des  aveugles  les  borgnes  sont  Rois. 

There  is  a  vast  virtue  in  hard  words,  just  as  there  is  in- the 
»'s  and  y's  of  Algebra.  Baron  Humboldt  is  not  unacquainted 
with  the  value  of  "  Loxodroraisme,"  however  we  may  be. 
The  office  near  Soho-sauare  for  plundering,  alternately,  ser- 
vants and  masters,  would  lose  half  its  attractions  but  for  its 
Therapolegia  inscription.  The  guinea  paid  for  supplying 
it  was  well  bestowed.  Loxodromism  or  Loxodromy.  What 
a  mass  of  knowledge  is  cent  lined  in  this  little  word.  Ele- 
vation, parallel  position,  these  are  household  terms,  and  carry 
no  weight.  The  clown  docs  not  admire  the  preacher  whom 
he  understands ;  "  he  is  no  Latiner."  When  a  man  can  ex- 
press himself  in  the  ordinary  language  which  he  has  picked 
up  from  his  nurse,  we  have  generally  a  suspicion  that  he 
knows  what  he  means.  Solomon  seemed  to  be  of  the  same 
opinion,  when  he  complained  of  the  man  who  "darkened 
counsel  by  words  without  knowledge.'^ 

This  Greek  coinage  is  a  false  money,  which  cheats  us  with 
a  semblance  for  solid  gold.  We  wish  the  French  nation 
would  burn  its  Lexicons,  since  it  has  not  yet  learnt  to  make 
any  other  use  of  them.  Great  evils  arisje  from  petty  causes, 
now  and  then.  Had  Brongniart  not  been  the  lucky  (unlucky 
for  us)  possessor  of  a  Greek  lexicon,  we  should  have  been 
spared  Phyllade,  and  Dolcrite,  and  Trachyte,  and  Psammite, 
and  Euphotide,  and  Diabase,  and  heaven  knows  what  more; 
we  should  have  been  spared  the  arrangements,  and  the  sys- 
tem, and  the  whole,  and  we  might  now  have  understood  what 
his  nation  is  writing  about,  if  indeed  they  understood  it  them- 
selves. 

But  the  Greek  is  not  the  sole  criminal,  for  the  German  does 
as  well.  Geognosy,  or  aught  else,  there  is  nothing  so  easy 
as  phrases,  phraseology,  conventional  language ;  cant,  we 
were  very  nearly  saying.  All  the  Gnosies  have  their  phrases 
and  their  cant;  and  words  go  for  sense.  They  save  the 
trouble  of  thinking,  which  is  a  vast  convenience ;  and  of  un- 
derstanding, which  is  more  convenient  still.  Explain,  explain, 
as  they  say  in  the  House  of  Commons.  Read  Swift,  and 
learn  to  write  your  own  language ;  read  Blaise  Pascal,  Mons. 
le  Baron. 

But  we  must  return  to  the  Loxodromy,  the  oblique  course 
of  the  strata ;  anjJ  of  Mr  Humboldt's  ideas.  And  now  we 
shall  see  the  reasons  which  induced  the  Gr£at  Traveller  to 
(ravel  to  Pichinca  and  Portocabeilo. 
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"Since  the  year  1792  I  have  been  attentive  to  this  parallel- 
ism, or  rather  to  this  loxodromistn  of  beds.  Residing  on  moun- 
tains of  stra titled  rocks,  where  this  phenomenon  is  constant,  ex- 
amining the  direction  and  dip  of  primitive  and  transition  beds, 
from  the  coast  of  Genoa  across  the  chain  of  the  Bochetta,  the 
plains  of  Lombardy,  the  Alps  of  St  Gothard,  the  table-land  of 
Swabia,  the  mountains  of  Biiireuth,  and  the  plains  of  Northern 
Germany,  I  have  been  struck,  if  not  with  the  constancy,  at  least 
with  the  extreme  frequency  of  the  directions  nor.  3-4ths  of  the 
compass  of  Freiberg  (from  south-west  to  north-east).  This 
inquiry,  which  1  thought  would  lead  naturalists  to  the  discovery 
of  a  great  law  of  nature,  at  that  time  interested  me  so  much, 
that  it  became  one  of  the  principal  reasons  for  my  voyage  to  the 
equator.  When  I  arrived  on  the  coast  of  Venezuela,  and  passed 
over  the  lofty  littoral  chain  and  the  mountains  of  granite-gneiss 
that  stretch  from  the  Lower  Oroonoko  to  the  basin  of  the  Rio 
Negro  and  the  Amazon,  I  recognised  again  the  most  surprising 
parallelism  in  the  direction  of  beds;  that  direction  was  still  nor. 
3-4ths  for  N.  45^  £.))  perhaps,  because  the  littoral  chain  of 
Venezuela  is  not  far  from  the  angle  which  the  central  chain  of 
Europe  forms  with  the  meridian.  I  announced  the  first  results 
of  observations  which  I  made  on  the  primitive  and  transition 
rocks  of  South  America,  in  a  Memoir  published  by  M.  Lame- 
(herie,  in  his  Journal  de  Physique^  torn,  liv.  p.  46.  I  had  mixed 
(as  is  often  the  case  with  travellers,  who  publish  the  results  of 
their  labours  during  the  course  ol  their  journeys,)  some  very 
precise  observations  on  the  great  uniformity  in  the  direction  of 
beds,  (at  the  Isthmus  of  A  ray  a,  the  Si  11a  of  Caracas,  at  Cambury 
near  Portocabello.  on  the  banks  of  the  Cassiquiare  :  see  my 
Relat.  Hist ,  torn.  i.  p.  393.  542.  564.  578.,  tom.  ii.  p.  81.  99.  125. 
141.)  with  some  general  views  which  I  have  since  regarded  as 
vague  and  less  accurate.  Four  years  of  travelling  in  the  Cordil- 
leras rectified  my  ideas  on  a  phenomenon  far  more  important 
than  was  hitherto  believed ;  and  at  my  return  to  Europe,  I  hast- 
ened to  publish  the  general  result  of  my  observations  in  the 
Geographic  des  Plantes^  p.  116.;  and  in  the  Essai  Politique  sur 
la  StouvelLe  Espagne^  tom.  ii.  520.  Those  results  remained,  no 
doubt,  unknown  to  the  learned  author  of  the  Critical  Examina- 
tion of  Geology^  p.  276.,  where  he  combatted  the  assertions  pub- 
lished during  my  absence,  in  1799,  by  M.  de  Lametherie.*' 

Now  does  Mr  Humboldt  really  conceive  and  assert  that  he 
was  the  discoverer  of  the  continuous  and  orderly  elevations 
of  strata,  that  this  was  an  object  to  run  away  to  the  equator 
about,  and  need  he  tell  us,  for  the  twentieth  time,  that  he  is 
The  Traveller  of  New  Spain,  that  he  has  published  a  Geogra- 
phie  des  Plantes,  an  Essai  Politique  sur  la  Nouvelle  Espagne, 
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a  Relation  Historique,  and  a  book  of  Personal  Narrative  ? 
As  to  the  '^  importance'^  of  the  fact,  he  surely  does  not  ima^ 
ine  that  it  was  pointed  out  by  him ;  and  as  to  his  ideas  hav* 
ing  been  rectified  by  four  years  of  running  about  the  Cordil- 
leras,  we  only  grieve  that  he  did  not  continue  his  "  courses'' 
for  forty,  that  they  might  have  undergone  a  general  rectifica- 
tion. 

We  have  no  dislike  to  M.  Humboldt.  On  the  contrary, 
we  esteem  him  as  an  industrious  and  amiable  man,  ambitious, 
busy,  and  good-humoured,  really,  qualified,  in  many  very 
important  matters,  for  a  general  traveller.  But  his  ambition 
has  been  of  too  vaulting  a  nature,  and  he  has  overleaped  the 
point  of  success  and  security.  He  would  write  of  every 
thing,  and  on  every  thing,  he  has  been  vague,  inaccurate, 
wordy,  and  wearisome.  He  would  be  the  name  to  fill  all 
Europe  with  its  sound,  and  he  has,  for  this  purpose,  filled  it 
with  nis  books.  He  has  blown  the  trumpet  for  himself,  and 
he  has  found  friends  to  blow  it  for  him.  There  is  no  base 
for  all  this  building.  It  is  too  much  the  custom  of  the  day  to 
work  up  to  some  niche  in  the  temple  of  Fame,  by  contra- 
band procedure,  and  it  is  not  for  M.  Humboldt's  sake  alon^ 
that  we  make  these  remarks 

Public  justice  demands  that  all  should  have  equal  justice. 
Of  fame,  there  can  never  be  but  a  certain  portion  in  the  world ; 
for,  where  all  are  rich,  no  one  is  wealthy.  If  it  is  to  be  mo- 
nopolized, let  it  be  alloted  where  it  is  merited,  for,  when  it  is 
alloted  otherwise,  the  meritorious  must  be  robbed  of  their 
share  and  their  rights.  The  Journalist  and  Reviewer  is  the 
guardian  of  public  justice  in  Literature  and  Science ;  and  it 
is  his  duty,  if  often  neglected,  to  see  that  praise  is  duly  and 
justly  alloted,  that  he  may  thus  protect  the  feeble,  or  the 
neglected,  whom  the  public  will  not  protect,  and  who  cannot 
protect  themselves.  That  public  will  not  listen  to  him,  or 
about  him,  who  is  not  a  Humboldt  (as  the  phrase  is,)  or  a 
something  else ;  but  it  never  stays  to  inquire  what  a  Hum- 
boldt is,  or  what  a  Humboldt  has  really  done.  For  the  sake 
of  the  injured  and  the  oppressed,  for  the  sake  of  civil  justice, 
we  must  strip  off  all  that  is  fallacious  or  borrowed  ;  we  might 
do  it  for  the  purpose  of  criminal  justice,  as  is  the  fashion  with 
modern  criticism,  that  we  might  punish  him  who  deserves 
punishment.  But  this  is  notour  object;  and,  from  this  inten- 
tion, we  desire  that  the  subject  of  our  remarks  will  exempt  us. 

We  are  not  criticising  the  total  works  of  this  author,  but 
we  may  say  that  he  who  has  not  simply  been  ambitious  to 
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shine  alike  as  a  general  traveller,  as  an  astronomer,  a  botan- 
ist, a  geologist,  a  politician,  and  much  more,  but  who  has  la^ 
boured,  directly  and  indirectly,  to  make  the  world  believe 
all  this,  and  who  has  contrived  to  succeed,  ought  ta  have 
been  better  informed,  more  accurate,  and  more  dependant  on 
his  own  powers  and  resources.  Had  he  been  all  this,  indeed, 
we  should  have  heard  far  less  of  him,  for  he  would  have 
been  more  modest,  and  modesty  is  not  now  the  purchase 
money  of  fame.  There  may  be  an  excuse  for  bad  writing, 
and  confusion  of  thought  and  repetition,  because  an  author 
cannot  go  beyond  his  powers.  But  there  ii  little  excuse 
for  the  perpetual  ambition  of  being  every  thing ;  and  there 
is  none  for  inaccuracy,  where  accuracy  is  asserted,  and 
where  it  is  easily  attained,  nor  for  claims  to  originality  found- 
ed on  the  labours  of  others.  He  at  least  who  carries  quad- 
rants and  wearies  us  with  angles  and  immersions,  is  bound  to 
be  correct  in  longitudes,  and  most  certainly  in  latitudes ;  and 
he  who  publishes  the  statistics  of  New  Spain,  would  have 
judged  more  wisely  had  he  informed  us  that  they  were  a  col- 
lection of  public  documents,  and  not  the  proper  result  of  his 
own  labour  and  observation. 

But  we  must  pass  on  to  the  work  before  us,  and  to  the  ge- 
ology, or  geognosy  of  M.  Humboldt.  What  we  have  extract- 
ed, will  serve  to  show  the  laxity  and  vagueness  of  this  au- 
thor's ideas,  no  less  than  his  writings.  And  it  is  not  for  the 
poor  purpose  of  criticising  him  alone,  that  we  have  examined 
his  book ;  but  because,  through  him,  we  hope  to  induce  other 
writers  on  the  same  subject,  to  introduce  more  precision  and 
purpose  into  their  geognostical  writings.  We  are  already 
encumbered  with  a  mass  of  useless  and  unintelligible  matter, 
fit  only  for  bonfires,  and  if  we  are  to  go  on  thus,  a  library  of 
geology  will  soon  rival  the  libraries  of  physicians.  This  is 
an  age  in  which  every  man  can  write  something,  and  in  which 
every  man  thinks  it  necessary  to  write  a  book  on  something. 
Geognosy  has  the  especial  merit  of  being  an  easy  subject, 
"  heaven  bless  the  mark,"  since  by  means  of  Hungary,  Saxo- 
ny, flotz,  transition,  and  dolerite,  with  a  little  aid  from  loxo- 
dromism,  hyenas,  potamoid,  acephalous,  types,  and  a  few 
more  made  words,  volumes  are  made,  as  volumes  have  been 
made  before.  Some  mercy  is  due  to  the  unhappy  student,  at 
least;  and  he  who  has  thus  seen  the  "  high  authority"  of 
Humboldt  doubted,  may  perhaps  learn  to  doubt  of  other  au- 
thorities, and  perhaps  also  learn  to  fear  lest  the  same  measure 
may  not  be  meted  to  himself,  by  future  reviewers  less  hu- 
mane than  ourselves. 
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Those  who  please  to  consider  M*  Humboldt  as  very  great 
in  any  other  science,  must  enjoy  their  belief,  as  that  is  their 
affair,  not  ours.  But  it  is  our  afiair,  to  s»ay  that  we  do  not 
consider  him  a  great  geognost,  practically,  and  that  we  do 
consider  him  a  very  useless  writer,  not  to  say  more.  His 
book  is  meant,  apparently,  as  it  is  declared  to  be,  a  system 
of  geology,  or  geognosy,  or  a  statement  of  all  the  facts  of  the 
science  that  have  been  ascertained;  or  a  compendium,  or 
detail,  of  ^''  la  geognosie  positive."  Assuredly,  it  is  not  that, 
in  any  sense.  Of  the  introductory  view,  from  which  we  have 
thus  extracted,  we  can  say  nothmg  good  or  commendable. 
We  have  not  selected  passages  to  condemn,  because  they 
were  faulty  paragraphs,  and,  by  so  doing,  attemptfd  to  mis- 
represent the  whole.  There  is  no  plan  nor  purpose,  and  no 
information,  in  this  long  preface,  vvnich,  in  the  hands  of  sci- 
ence and  knowledge,  might  have  easily  contained  what  it  pre- 
tends to  do ;  a  general  view  of  the  state  of  geognosy,  and  of  its 
principal  facts  and  rcl  itions.  It  is  a  sort  of  talk  very  much  like 
the  living  conversation  of  the  man  himself;  and  we  rise  from 
the  perusal  without  well  knowing  what  we  have  been  reading. 

We  have  now,  perhaps,  said  more  than  enough  respect- 
ing this  preface,  yet  we  cannot  part  from  it  witnout  recur- 
ring to  a  subject  on  which  we  touched  before,  and  to  a 
passage  where  the  author  becomes  the  critic  and  laudator  of 
the  Professor  of  Freiberg,  of  whose  reign  we  really  think  it 
quite  time  that  we  should  be  weary.  It  is  better  to  quote 
the  passage  than  to  extract  from  it. 

"  Werner,  in  creating  geognostic  science,  has  perceived  with 
an  admirable  sagacity  all  the*  relations  under  which  we  should 
yv'w  the  independence  of  the  primitive,  transition,  and  sec- 
ondary formations.  He  has  shown  what  we  ought  to  observe.— 
what  it  is  important  to  know ;  he  has  prepared,  and  foreseen  in 
some  degree,  a  part  of  the  discoveries  with  which,  through  him, 
geognosy  has  been  enriched  in  countries  which  he  could  not 
visit  As  formations  do  not  follow  the  variations  of  latitude  and 
climate,  and  phenomena,  observed  perhaps  for  the  first  time  in 
the  Himalaya,  or  the  Andes,  are  found  again,  and  often  with  an 
association  of  circumstances  that  seem  to  be  entirely  accidental, 
in  Germany,  Scotland,  or  the  Pyrenees,  a  very  small  portion  of 
the  globe,  a  territory  of  some  square  leagues  in  which  nature 
has  assembled  many  formations,  may,  (like  a  true  microcosm  of 
the  ancient  philosophers),  give  rise,  in  the  mind  of  an  excellent 
observer,  to  very  accurate  ideas  on  the  fundamental  truths  of 
geognosy.  In  fact,  the  first  views  of  Werner,  even  those  which 
that  illastrious  man  had  formed  before  the  year  1790,  possessed 
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a  justness  that  is  still  remarkable.  The  learned  of  every  country, 
even  those  who  show  no  predilection  for  the  school  of  Freibergf, 
have  preserved  them  as  the  basis  of  gcognostic  classifications ; 
and  yet  what  was  known,  however,  in  1790,  of  primitive,  tran- 
sition, and  secondary  formations,  was  founded  almost  entirely  on 
Tfauringia,  on  the  metalliferous  mountains  of  Saxony,  and  those 
of  the  Harz,  on  an  extent  of  country  not  75  leagues  in  length. 
The  memorable  labours  of  Dolomieu,  and  Saussure^s  descrip- 
tions of  the  Alps,  were  consulted,  but  these  could  not  have  influ- 
enced in  a  great  degree  the  labours  of  Werner." 

We  suppress  the  remainder  of  this  long  paragraph,  as  less 
important.  What  we  have  quoted  is  sufficient  to  show  that 
the  critic  is  worthy  of  the  subject,  and  each  of  the  other.  It 
will  also  tend  to  justify  our  own  criticisms ;  for  it  is  perfectly 
impossible,  that  any  man  really  acquainted  with  geognosy, 
with  the  facts  known^  the  history  of  the  science,  or  its  present 
state,  could  have  formed  such  a  judgment,  or  written  such  a 
paragraph. 

Werner  did  not  create  "la  science  geognostique."  He 
did  little,  and  of  that  little,  nearly  all  has  proved  to  be  wrong. 
There  is  not  one  of  his  general  laws  that  has  not  been  found 
utterly  false ;  and  if  he  ever  became  possessed  of  any  facts, 
he  proved  that  he  was  incapable  of  reasoning  from  them. 
The  whole  mass,  nearly,  of  false  induction  and  bad  reasoning 
to  be  found  in  this  science,  is  to  be  traced,  directly  and  indi- 
rectly, to  Werner  and  to  Freiberg.  It  was,  perhaps,  a  minor 
crime,  that  he  taught  what  was  untrue  or  useless,  when  he  was 
the  efficient  cause  of  the  ignorance  and  bad  reasoningof  a  whole 
army  of  followers  and  admirers,  and  is  still  the  night-marc  of  the 
science.  If  We  have  begun  to  shake  off  his  paralyzing  influ- 
ence in  England,  it  is  far  otherwise  in  France  and  Germany ; 
and  we,  as  far  as  we  can,  will  not  allow  M.  Humboldt  to  go 
on  blowing  the  trumpet,  because  he  himself  has  no  other  ideas 
of  geognosy  than  those  which  he  derived  at  and  from  Frei- 
berg. We  have  as  little  animosity  against  Werner,  or  his 
ghost,  as  we  have  against  M.  Humboldt  personally  or  imper- 
sonally ;  but  we  will  maintain,  that  to  perpetuate  the  praises 
of  him  whose  dogmas  are  the  impediment  of  a  rising  science, 
whose  assumed  infallibility  is  the  stumbling-block  of  students, 
is  a  crime  that  demands  and  deserves  reprobation,  because 
it  is  adding  to  the  weight  and  immobility  of  the  great  obstacle 
to  our  progress  in  that  science. 

It  would  require  a  whole  essay  like  this,  instead  of  a  para- 
graph or  two,  to  examine  the  details  of  Werner's  demerits  in 
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geognosy,  and  to  prove  him  m  category,  wrong.  We  cannot 
undertake  to  do  it  now,  and  moreover  it  is  a  disgusting  and 
dull  office.  But  what  right  has  M.  Humboldt  to  say,  that 
the  observations  of  Dolomicu  "  could  not  excercise  any  great 
influence  over  the  labours  of  Werner  ?''  If  he  meant  it  in 
irony,  it  would  be  true  enough ;  since  that  dull  and  obstinate 
man  shewed,  through  his  whole  life,  that  he  was  as  incapable 
of  making  use  of  any  one  fact,  and  as  unamenable  to  reason* 
ing,  as  he  was  ignorant  of  all  the  necessary  knowledge  which 
was  indispensable  to  the  office  he  had  undertaken.  Wrapt 
up  in  his  own  unintelligible  and  impossible  theories,  he  was 
satisfied  with  reigning  a  demi-god  or  a  pope  among  the  gaping 
herd  that  surrounded  him,  swallowing  all  his  dogmas  and 
doctrines,  and  repaying  him  with  adulation  and  with  vol- 
umes of  his  own  "  crambe  recocta,"  Dolomicu  might  have 
taught  him,  if  he  had  possessed  sense  enough  to  listen,  that 
obsidian  and  pumice  were  not  formed  by  water,  nor  volca- 
noes ignited  by  coal ;  in  his  own  day,  he  might  have  learnt 
something  of  real  geognosy  from  others  than  Dolomieu,  if  he 
had  possessed  talents  of  modesty  enough  to  have  been  a  pu- 
pil of  those  whom  he  professed  to  teach. 

M.  Humboldt  also  asserts,  in  a  part  of  the  paragraph  which 
we  have  not  quoted,  that  his  great  teacher  exercised  a  sur- 
prising perspicuity  in  eliciting;  the  truth  from  the  confined 
narratives  of  travellers.  Nothing  so  easy  5  and  his  pupils 
have  also  profited  surprisingly  by  his  example  and  his  per- 
spicacity. Nor  any  thing  so  easy  as  to  support  his  system,  or 
any  system,  by  the  same  perspicacity.  It  was  only  to  trans- 
late the  language  of  any  other  gcognost  into  his  own,  to  know 
what  the  observer  saw  better  than  he  knew  himself,  and.the 
work  was  done.  It  is  a  fashion  that  is  just  as  efficacious  now. 
But  we  must  take  our  leave  of  Werner,  to  return  to  M.  Hum- 
boldt himself. 

And  we  return  to  his  85th  page,  to  his  positive  geognosy. 
This  properly  constitutes  the  book,  and  it  is  just  such  a  col- 
lection of  naked  facts  about  rocks,  as  Kirwan  wrote,  or  might 
have  written,  in  his  equally  "  admirable"  work.  If  this  com- 
prises the  whole  of  Positive  Geognosy,  we  are  very  unfit  re- 
viewers of  M.  Humboldt's  book,  since  we  entertain  somewhat 
different  views  about  what  is  Positive  Geognosy.  In  all  the 
Sciences,  there  are  things,  objects,  and  there  are  relations, 
actions,  causes,  analogies;  categories,  in  short  of  difierent 
kinds,  which  have  genecally  been  held  essential  parts  of  what 
is  called  a  science.     Perhaps,  however,  we  have  misappre- 
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bended  the  meaning  of  the  term  "  geognosy,"  but  we  do  pre- 
sume, that  it  implies  somewhat  more  than  what  we  find  here, 
and  that  the  adjective  term,  positive,  does  not  form  our  au- 
thor's justification  for  what  he  has  given  us. 

It  is  indifferent  where  we  take  an  example  of  this  geognosy. 
We  should  have  taken  the  first,  which  comprises  the  history 
of  granite,  but  it  is  too  long  for  extraction,  and  it  is  beyond 
abridgment.  If  any  of  our  geological  readers  choose  to  read 
it,  we  will  permit  them  to  judge  for  themselves,  and  shall  not 
be  very  uneasy  at  the  prospect  of  the  judgment  which  they 
will  pronounce  between  ourselves  and  the  author,  as  to  the 
general  issue.  They  may  select  any  other  part,  or  read  the 
whole ;  and  if  they  can  extricate  any  knowledge  out  of  the 
mass  of  confusion,  why  then  we  shall  envy  them.  Order,  or 
system,  there  is  none.  We  are  dazzled  with  references  to 
authors,  and  references  to  the  new  world,  and  hard  names; 
and  when  we  have  laboured  through  ten  pages  of  porphyry 
or  thonschiefer,  it  is  all  to  be  done  over  again ;  and  when  it 
18  done,  we  ask  ourselves  what  it  is  all  about. 

In  truth,  we  did  expect  some  single  passage  as  an  example  \ 
but,  as  far  as  the  240th  page  at  least,  we  have  turned  back- 
wards and  forwards  in  vain,  and  cannot  extract  one  sole  par- 
agraph which  comprises  an  entire  within  itself.  The  author 
seems  always  breathless  with  matter,  and  the  matter  is  itself 
breath,  wind.  A  single  fact,  well  detailed  and  simply  stated, 
and,  if  the  author  ever  did  reason,  reasoned  on,  would  have 
been  worth  whole  pages  of  Conradswalde,  Prausnitz,  Mondra- 
gon,  Goldlauter,  Schwartz,  Kiffhauser,  Caxamarca,  and  the 
ten  thousand  other  names  which  dazzle  our  eyes  at  every 
sentence,  and  transport  us,  in  an  instant,  from  Saxony  to  Chi- 
li, as  if  we  had  been  sitting  on  Prince  Houssain's  carpet. 

We  really  cannot  see  the  purpose  of  all  this  geography  and 
authority,  unless  it  be  to  show  that  M.  Humboldt  has  got  a 
map  of  the  world  at  his  elbow,  and  is  a  great  traveller.  Can- 
not he  see  that  this  is  nothing  more  than  an  affair  of  Habitats, 
and  that  when  once  it  is  ascertained  that  the  general  relations 
of  rocks  are  analogous  or  similar  throughout  the  globe,  it  is 
unnecessary  to  torment  us  with  ifivery  spot  of  his  two  hem- 
ispheres. The  young  botanist  fancies  he  has  performed  a 
vast  feat  in  science,  when  he  has  published  in  some  Journal, 
a  list  of  the  plants  in  the  king's  park  at  Edinburgh,  or  in 
Norfolk.  And  it  is  a  very  fit  occupation  for  a  philosopher  in 
the  "  Lovely  Science.''  But  that  granite  grows  in  the  Fich- 
telgebirge,  and  at  Tehuilotepetec,  and  that  it  consists,  in  both 
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of  mica,  feldspar,  and  quartz,  or  of  more  mica  and  less  feldapai*, 
is  not  now  very  marvellous  information ;  and  it  is  still  less  ne- 
cessary  that  we  should  be  told  of  every  ''  gisement"  in  M. 
Humboldt's  hemispheres,  and  of  all  and  every  variety  and 
variation  of  every  thing  that  he  has  seen  or  not  seen.  Were 
any  general  laws  deduced,  we  could  understand  a  purpose  in 
«illl  this ;  but,  as  it  is,  it  is  egregious  trifling,  and  trifling  which 
pretends  to  knowledge.  Foxes  grow  in  Leicestershire  ai^d  la 
Greenland,  and  so  they  do  in  India,  and,  for  ought  we  careg, 
they  may  grow  upon  Popocatepetl ;  but  in  what  way  does  th© 
Science  of  zoology  profit  by  being  told  that  their  tails  are  aa 
inch  longer  in  Mexico  than  in  Bengal,  or  that  they  ai*e  less 
odoriferous  in  Norfolk  than  at  Santa  Fe  da  Bagota. 
.  The  article  Porphyry,  positively  dances  before  our  eyes; 
^nd,  what  with  transition,  and  dolerite,  and  trachyte,  and  all 
else  of  this  never  ending  subject,  we  are  utterly  unable  to 
conjecture  what  he  means  to  prove,  or  what  he  means.  Ten 
sentences  might  possibly  have  told  his  meaning,  they  would 
have  told  ours ;  but  he  is  not  a  man  of  ten  sentences,  and 
if  he  ever  meant  any  thing,  he  has  lost  sight  of  it,  suffocated 
under  the  rubbish  of  his  talk* 

But  we  have  arrived  at  the  360th  page,  and  still  we  have 
been  unable  to  extract  one  quotation  by  which  we  might  con- 
vey an  idea  of  that  talk.  Our  readers  must  really  oblige  us 
by  undertaking  a  task  to  which  we  find  ourselves  unequal. 
It  is  a  truth,  and  to  us  a  sad  one,  that  we  really  have  read 
the  book  twice  through,  so  that  we  cannot  be  accused  of  a 
breach  of  duty  ;  and  it  is  not  less  true  and  sad,  that  it  was 
less  intelligible  the  second  time  than  the  first.  Passages, 
facts,  particulars  of  all  kinds,  we  might  criticise  beyond  en- 
durance, but  for  what  end  ?  If,  in  our  general  remarks,  our 
readers  should  esteem  us  severe,  we  will  say,  read,  under- 
stand, explain ;  and  we  may  say  too,  as  Johnson  said  to  Gar- 
rick,  "  If  I  have  told  the  truth,  Davy,  why  dost  thou  snub 
me?" 

But  there  arc  more  last  words,  and  they  will  require  a  few 
last  words  from  us. 

We  have  already  alluded  to  an  air  of  preknsion  which. 
pervades  our  author's  writings ;  and,  among  other  matters, 
to  his  algebra,  forming  one,  but  by  no  means  all  of  the 
modes  in  which  it  is  displayed.  We  mean  it  for  all 
whom  it  may  suit,  and  not  for  him  alone,  when  we  sajF 
that  this  use  of  symbols  and  equations  when  the  proportion 
can  be  given   in  common  language^  ia  cither  a  piece   of 
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fftifierable  affectation,  or  dsc,  what  is  vulgarly  called  prigg- 
ism,  a  quality  for  whicii  we  possess  no  genteeler  term.  He 
who  makes  use  of  x  and  y  when  he  might  say  fifty  and  a 
hundred)  or  square  and  round,  because  he  happens  to  have 
arrived  as  far  as  biquadratic  equations,  wishes  to  show  the 
World  that  he  knows  what  algebra  is,  and  would  fain  be 
thought  a  mathematician.  The  methematician  who,  similar- 
ly, abuses  algebraic  language  is  either  a  pn^,  or  else  has  been 
so  long  Versant  in  the  conjuration  of  differences^  that  he  has 
lost  the  power  of  thinking,  and  the  use  of  his  own  language. 
In  the  last  case  alone,  he  is  pardonable.  The  purpose  of 
algebra,  of  symbols,  is  abbreviation ;  it  is  that  we  may  ac- 
quire the  power  of  condensing  a  long  proposition  into  a  small 
ispace,  so  that  we  may  see  all  its  relations  at  a  glance.  It  is 
8hort  hand  and  no  more.  If  the  proposition  is  not  of  a  na- 
ture to  require  this,  from  its  shortness,  or  other  causes,  alge- 
braic symbols  serve  no  purpose  but  to  make  a  plain  thing 
obscure,  and  to  convey  an  air  of  mystery.  He  who  thus 
uses  them,  instead  of  proving  his  knowledge  of  algebra,  be- 
trays his  ignorance  as  well  as  his  affectation ;  he  shows,  per- 
haps, that  he  knows  what  substitution  is,  or  what  is  a  simple 
equation ;  but  he  shows,  too,  that  he  is  a  mere  mechanic  io 
this  art. 

Now  M.  Humboldt,  as  might  be  expected,  has  invented  a 
pasigraphy,  "  a  pasigrafia  geognostica,"  since  he  must  also 
tell  us  that  he  has  published  in  Spanish  and  in  Mexico,  or  has 
"  elevated  himself  to  general  ideas"  on  geognosy  by  means  of 
a,  /8,  p',  d.  ^This  method"  also  "  is  double,  it  is  either  figu- 
tative  (graphic,  imitative,)  representing  the  superposed  beds 
by  parallelograms,  placed  one  above  the  other ;  or  algorithmic 
indicating  the  superposition  of  rocks,  and  the  age  of  their 
formation,  as  the  terms  of  a  series."  And  here,  also,  he 
takes  occasion  to  tell  us  that  he  has  published  a  book  ^^  sur 
Pirritation  de  la  fibre  nerveuse,"  or  '*  Versuche  iiber  die  ge- 
reizteMuskel  und  Nervenfaser,"  by  which  means  we  know  that 
he  writes  in  German  as  well  as  Spanish  and  French,  and  un- 
derstands the  nervous  system  as  well  as  he  does  economy^ 
geognosy,  and  astronomy.  « 

"  I  published,"  "  I  had,"  "  I  did,"  I,  the  Great,  meets 
us  every  where ;  and  we  believe,  indeed,  that  there  is  not 
One  of  his  books  which  does  not  contain  an  enumeration  of 
all  the  prior  ones,  under  some  pretence  or  other.  We  have 
not  the  least  objection  that  he,  or  any  man,  should  write  on 
all  subjects,  provided  he  understands  them ;  but  wneo  we  see 
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this  palpable  betraying,  we  dra\>^  the  natural  conclusion  that 
he  does  not  write  from  the  overflowings  of  his  mind,  but  be- 
cause he  would  be  thought  capable  of  writing  on  every  thingt 
As  to  the  purpose  of  this  geognostical  pasigraphy,  or  any 
purpose  to  be  efiected  by  it,  we  really  cannot  explain  them, 
and  shall  therefore  extract  one  passage,  that  our  readers  may 
form  their  own  judgments. 

^^  If  the  letters  of  the  alphabet  represent  these  superposed 
rocks,  of  two  series, 

cc.p^y^d 

the  first  indicates  the  succession  of  simple  and  independent  form- 
ations; gfranite,  gneiss,  mica-slnte,  clay-slate  or  moschelkalk, 
sandstone  of  Kooigslein  (qundersandstein),  Jura  limestone,  and 
green  sandstone  with  lignite  (below  the  chalkV  The  second 
indicates  the  alternation  of  simple  with  complex  formations ; 
granite,  gneiss-granite,  gneiss,  gneiss-mica-slate,  clay-slate  (pp. 
86.  88.)  ;  or,  to  give  an  example  taken  from  the  transition 
formation  (p.  129.),  limestone  with  orthoceratites,  limestone 
alternating  with  slate,  transition  slate  alone,  slate  andgrauwacke, 

grauwacke   alone,    transition   porphyry In   the   complex 

formations,  that  is,  in  those  which  present  the  periodical  alter- 
nation of  several  beds,  we  sometimes  distinguish  three  different 
rocks,  which  do  not  pass  to  each  other  in  the  same  group ; 

^jr  tc,  C,  a/5;/,  y 

aP/,  apd,  Pae , 

as  in  primitive  formations,  there  are  alternating  beds  of  granite, 
gneiss,  and  mica-slate  :  so  in  the  transition  formation,  alternating 
beds  of  grauwacke,  slate,  and  limestone,  or  grauwacke,  slate, 
and  porphyry,  or  clay-slate,  grauwacke,  and  greenstone,  consti- 
tute one  formation.  In  the  transition  rocks,  as  we  have  stated 
above,  clay-slate  and  grauwacke  alone  are  not  the  terms  of  the  se- 
ries. Those  terms  are  all  complex;  they  are  groups,  and  grauwacke 
belongs  at  once  to  several  of  those  groups.  It  thence  results 
that  the  term  grauxvacke  formation  relates  only  to  the  predomi- 
nance of  that  rock  in  its  association  with  other  rocks. 

*^  Each  cla^s  affords  the  example  of  independent  formations 
which  prelude  as  subordinate  beds.  Ifap/^  or  ap^  Py  indicate  the 
complex  formations  of  granite,  gneiss,  and  mica-slate,  or  of  gran- 
ite and  gneiss,  clay-slate  and  porphyry,  porphyry  and  syenite,  marl 
and  gypsum,  that  is,  the  formation  in  which  beds  of  two,  and  even 
three  rocks  alternate  indefinitely  ;  «  4~  /^i  Z'  ~H  ^i  ^i'l  Indicate 
that  gneiss  forms  simply  a  bed  in  granite,  porpliyry  in  slate,  &c. 
Then 

a?  «  +  ft  ?i  1^  +  ri ;'  •  •  •  • 
expresses  the  curious  phenomenon  of  formations  which  prelude 
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or  aDDOunce  theiDSelves  as  sabordinatc  beds.  Those  beds  some- 
times call  to  mind  the  terms  that  precede  (lower  rocks)  some- 
times the  terms  that  follow  (upper  rocks).    Thus  we  shall  have 

«9  ft  P  +  a?  ft  |5  X  /,  y 

The  porphyries  and  granular  syenites  ot*  the  transition  forma- 
tion penetrate  into  the  red  sandstone,  forming  subordinate  beds. 
If  the  position  of  the  formation  of  the  valley  of  Fassa  is  such  as 
has  been  lately  announced  (p.  340.),  a  preceding  term  (syenite) 
passes  as  far  as  into  the  alpine  limestone  or  zechstein ;  it  is  the 
ease  in  the  series, 

c,  |3  -|-  a,  y  -]-  a,  ^  .  .  .  , 

^*  When  we  would  apply  the  pasigraphic  notation  also  to  the 
elements  of  composed  rocks,  that  notation  may  indicate,  how  by 
the  progressive  augmentation  of  the  elements  of  the  mass,  and 
chiefly  by  the  insulated  crystals,  beds  are  formed  by  a  sort  of 
interior  developement ; 

abc,  abc*,  abc^,  ....  abc-f-  c. 

^^  We  have  preferred  in  this  particular  case  (beds  of  feldspar  in 
granite,  beds  of  quartz  in  raica-slate  or  gneiss,  beds  of  horn- 
blende in  syenite,  beds  of  pyroxene  in  transition  dolerite)  the  let- 
ters of  the  Roman  alphabet  to  those  of  the  Greek,  in  order  not 
to  confound  the  elements  of  a  rock  ^feldspar,  quartz,  mica,  horn- 
blende, pyroxene)  with  the  rocks  tnat  enter  into  the  composi- 
tion of  complex  formations.  ^ 

^'  We  have  hitherto  shown  that  in  making  abstraction  alto- 
gether of  the  composition  and  physical  properties  of  rocks,  the 
pasigraphic  notation  can  reduce  the  most  complicated  problems 
of  composition  to  great  simplicity.  This  notation  shows  how  the 
same  subordinate  beds  (rock-salt  in  zechstein  and  red  marl, 
§§  28,  29. ;  coal  in  red  sandstone,  zechstein,  and  muschelkalk) 
pass  across  several  formations,  superposed  on  each  other: 

a  +  i«i  P  +  ^.  r?  <^  +  ^  •  •  •  • 
It  also  reminds  ns  of  the  return  of  feldspathic  and  crystalline 

formations  in  the  transition  rocks  and  red  sandstone  (Norway, 

Scotland),  a  return  which  is  analogous  to  that  of  granite  afler 

gneias  and  primitive  mica-slate  : 

a,  /?,  a,  /,  d X,  A,  a,  j3,  .  .  . 

"  The  first  terms  of  the  series  re-appear,  even  after  a  long 

interval,  after  grauwacke  and  limestone  with  orthoceratites,  that 

IS,  uherjragmentary  and  shelly  rocks." 

Now  we  appeal  to  our  readers,  if  we  have  judged  M. 
Humboldt  harshly,  or  whether  this  is  not  the  very  grimace 
of  affectation.  If  he  could  reason  for  one  moment,  or  ii  he  had 
ever  considered  the  real  purpose  and  use  of  an  arithmetical 
or  algebraical  pasigraphy,  he  would  see  that  he  was  obscur- 
ing wnat  he  pretends  to  illustrate,  and  increasing  labour  in- 
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stead  of  shortening  it.  A  series  summed  in  this  manner,  con* 
teys  no  ideas ;  and  if  it  is  to  convey  any,  the  labours  of  the 
reader  will  be,  to  rc-translate  all  that  M.  Humboldt  has  ex- 
erted so  much  useless  labour  in  darkening.  We  only  wonder 
that  he  has  not  given  us  his  geognosy  in  hieroglyphics,  that 
he  might  have  tried  to  persuade  us  he  was  the  rival  of  Young 
and  Champollion.  One  advantage,  indeed,  we  will  not  deny ; 
and  we   are  only  sorry,  therefore,  that   his  whole  hemis- 

Rheres  were  not  written  in  Algebra.     Each  method  is  equal- 
/  free  of  the  suspicion  of  conveying  ideas,  and  the  Greek 
would  have  been  shorter  than  the  French. 

Geognosy,  indeed,  can  now  be  contained  in  a  nutshell,  and 
by  a  snorter  process  than  the  Iliad  was  crammed  into  one. 
And  lest  our  readers  should  doubt  the  possibility  of  this,  we 
shall  give  them  the  whole  matter  of  the  "  two  hemispheres" 
in  two  lines.  But  unless  we  gave  them  the  whole  passage, 
they  might  suspect  us  of  playing  with  their  credulity,  and  of 
jestmg  with  M.  Humboldt.     Here  it  is ; 

^'  Id  order  to  unite  the  principal  phenofnena  of  the  position  of 
rocks  in  the  primitive,  intermediary,  secondary,  and  tertiary 
formations,  I  propose  the  following  series  : 

a,  a^,  /3  -f  «-,  ^;',  ^  -f  r,  or,  ^,  d,  a,  fi,  d,  o,  ||  ««,  r',  Jr',  J', 

d'  +  ^,  ^,  T\  <J7r,  (T  +  a,  671^  0  II  Kk^  -[-  f ,  r*  +  i?,  ac»,  r"*,  x«i. 


T^i  Pn  7  T  '"i  «9  /I  ^»  "^  P?  "9  ^'i  II  *"i  »  ?  »^  >  <^  ? 
r',  <j7r,  (T  +  a,  6n^  o  \\  tix*  +  f ,  «^*  +  0^  ac",  r"*,  x«i, 

^^  It  would  be  useless  to  give  the  explanation  of  those  charac- 
ters; it  will  be  seen  by  comparing  them  with  the  table  of 
formations.  I  shall  confine  myself  to  fixing  the  attention  of  the 
reader  on  the  accumulation  of  porphyries  (jt)  oo  the  limits  of 
the  tr^insition  and  secondary  formations,  the  position  of  euphotlde 
formations  (6),  the  great  deposites  of  coal  and  lignite  (|),  and  on 
the  return  (almost  periodical)  of  feldepathic  forirations  of  transi- 
tion granite,  gneiss,  and  mica-slate  (a,  |9,  j^).  As  the  notation  I 
here  present  may  be  vario<]iily  graduated  by  the  manner  in 
which  the  characters  ere  accentuated,  in  uniting  them  as  co- 
efficients in  complex  formations,  or  in  adding  exponents,  I  doubt 
whether  the  names  of  the  rocks  arranged  by  series  at  the  side 
of  each  other  would  address  itself  as  forcibly  to  the  eye  as  the 
algorithmic  notation.^' 

We  must  now  take  leav«  of  the  book  and  the  author.  We 
must  be  sorry  that  we  have  been  obliged  to  write  such  hard 
truths,  and  yet  we  fear  that  were  the  cause  to  occur  again,  we 
should  do  it  again.  We  have  said  that  it  was  a  justice  we 
owed  to  others,  to  show  that  M.  Homboldt  was  not  the  only 
authority,  or  the  highest,  in  every  subject  of  science.    And  it 


J^atice  o/Bmdanfs  Treaiisi  on  Mineralogy*  71 

is  not  fiuiog  or  just,  that  the  public,  which  canoot  ju<%e,  and 
which  neceasai'il Y  follows  the  cry  of  the  day,  should  measure 
any  man  by  such  an  imaginary  standard,  and  set  4ip  a  false 
Goo  to  worship,  to  the  abasement  of  all  others*  It  is  an 
age  of  monopolies,  but  it  is  hard  that  the  principle  of  monop* 
oTy  should  be  extended  from  fish  to  fame,  from  tea  and  por- 
ter to  geognosy  and  botany,  and  to  all  else  which  ought  to  be 
the  common  property  of  the  republic  (which  we  hope  it  will 
ever  continue^  of  science  and  letters. 

To  himself,  we  might  suggest,  that,  with  more  accuracy, 
less  pretemiony  better  writing,  and  far  less  writing  he  might 
have  acquired  a  fair  share  of  permanent  reputation ;  but  he 
has  desired  to  be  more  than  all,  and  will  live  to  see  his  hon- 
ors melt  from  him  as  snow  before  the  summer.  To  retrieve 
is  perhaps  now  impossible  ;  but  if  he  shall  shew  any  desire  to 
do  so,  we  will  be  among  the  first  to  allot  the  praise,  which,  he 
ought  now  to  know,  must  follow  solidity  and  accuracy,  and 
can  never  long  follow  any  thing  else. 


Art.  VIII.— 7Vtti7e  ilementaire  de  Mineralogies  par  F.  S.  Beu- 

dant.     Paris.  1824.  pp.  856. An  Elementary  Treastise 

on  Mineralogy^  by  F.  S.  Beudant.  (W.) 

Many  of  the  remarks  in  the  preceding  artirlc,  are  applica- 
ble to  this  work ;  the  author  is  deeply  infected  with  the  ma- 
nia of  fabricating  new  names,  and  of  unnecessarily  multiplying 
genera  and  species ;  but  as  it  contains  much  that  is  valuable 
to  the  mineralogist  and  artist,  we  shall  proceed  to  offer  some 
account  of  it. 

M.  Beudant  is  professor  of  Mineralogy  in  the  academy  of 
Sciences  at  Paris,  and  is  the  author  of  an  elementary  treatise 
on  the  physical  sciences,  a  voluminous  work  on  Hungary  and 
various  important  and  interesting  memoirs  which  have  been 
published  in  the  scientific  journals  of  Europe.  The  present 
work  is  a  part  of  bis  course  on  the  physical  sciences,  and 
will,  we  are  led  to  expect,  be  followed  by  a  treatise  on  chem- 
istrv.    It  is  divided  into  four  distinct  parts  or  books. 

The  fii^t  book  comprehends  the  facts  and  observations  up- 
on which  the  science  of  mineralogy  is  founded,  the  external 
characters,  the  physical  properties,  and  chemical  nature  of 
minerals*  The  second  book  is  devoted  to  an  exposition  of 
the  peculiar  system  of  classification  and  nomenclature  adopt- 
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ed  in  the  work.  M.  Beudant  proposes  to  divide  minerals 
into  three  groups  or  classes,  for  which  he  offers  the  following 
names ;  Gazolvtes,  Leucolytes,  and  Chroicolytes. 

Under  the  nrst  of  these  are  included  those  families,  the 
types  of  which  have  the  common  property  of  existing  in  an 
aeriform  or  gaseous  state,  or  of  combining  with  oxygen,  hy- 
drogen, or  fluorine,  and  forming  permanent  gases, — hence  the 
name  Gazolytes,  soluble  in  gas.  The  second  group  has  also 
two  characters  common  to  the  bodies  which  serve  as  types 
to  the  families,  the  one  being  negative  and  not  soluble  in 
gas ;  tho  other  beine  positive  and  forming  colourless  solutions 
with  acids ;  hence  the  name  Leucolytes,  expressive  of  this 
character.  The  third  group  includes  those  bodies  which 
give  coloured  solutions.  The  following  is  a  tabular  view  of 
this  arrangement. 


Gazolytes. 


Silicides, 

Borides, 

Anthracidcs, 

Hydrogenides, 

Azotides, 

Sulfurides, 

Chlorides, 

Phtorides, 

Selenides, 

Tellurides, 

Phosphorides, 

Arsenides, 


Leucolytes. 


Antimonides, 

Stannides, 

Zinc  ides, 

Bismuthides, 

Hydragyrides, 

Argyrides, 

Plumbides, 

Aluminides, 

Magnesides, 


Chroicolytes. 


Tantalides, 

Tungstides, 

Titanides, 

Molybdides, 

Chromides, 

Uranides, 

Manganides, 

Siderides, 

Cobaltides, 

Cuprides, 

Aurides, 

Platinidcs, 

Palladides, 

Osmiides* 


The  Silicides  are  composed  of  the  oxide  of  silicium,  either 
alone,  or  in  combination  with  other  oxides,  and  after  fusion  with 
potash  afford  a  compound  soluble  in  acids;  the  solution 
yielding  on  evaporation  silica.  The  Borides  are  composed 
of  boric  acid  either  alone,  or  in  combination  with  different 
oxides.  Soluble  in  alcohol  to  which  they  impart  the  prop- 
erty of  burning  with  a  greenish  flame. 

The  family  of  Anthracides  comprises  the  carbonaceous 
substances,  bitumens,  organic  salts,  as  mellite,  oxalate  of  iron, 
and  urate  of  lime  or  guano*    To  them  succeed  the  carbonates 
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of  lime,  of  iron,  manganese,  zinc,  bary  tes,  strontian,  lead, 
silver,  bismuth,  and  copper. 

The  Hydrogenides,  as  the  name  of  the  family  implies, 
yield  water  by  the  action  of  an  alloy  of  potassium,  and  thus 
we  have  oxide  of  hydrogen,  or  water,  &c.  The  nitrates 
come  under  the  family  oT  Azotides.  The  sulphurets  com- 
pose the  family  of  sulfurldes,  and  are  subdivided  into  simple 
sulphurets,  and  compound  sulphurets,  as  '*  sulfo-arseniure  de 
cobalt"  or  grey  cobalt,  sulphuret  of  copper  and  iron,  copper 
pyrites.     To  these  succeed  the  sulphates. 

We  have  the  same  principles  of  nomenclature  followed 
throughout  the  work,  and  the  specimens  given  are  sufficient 
to  show  that  the  system  is  intended  to  be  a  chemical  one. 
If  the  successive  discoveries  in  crystallography,  as  M.  Bcudant 
justly  remarks,  have  freed  mineralogy  from  the  empiricism 
to  which  it  had  so  long  been  subjected,  it  has  likewise  been 
brought  under  more  fixed  and  certain  laws,  by  the  researches 
which  have  been  made  into  the  chemical  nature  and  compo- 
sition of  minerals,  within  the  past  six  years.  These  investi- 
gations he  conceives  seem  not  only  to  authorize,  but  to  demand 
an  entire  new  classification  of  minerals,  and  with  a  view  of  ef- 
fecting this,  the  present  work  appears  to  have  been  undertak- 
en. Mineralogists  will  of  course  oppose  many  objections  to  the 
proposed,  classification,  but  without  professing  to  advocate 
this  new  system,  we  have  only  felt  desirous  of  giving  such  a 
general  account  of  the  work  as  will  make  it  known  to  our 
mineralogists.  The  descriptions  of  individual  minerals  which 
M.  Beudant  has  given,  are  extremely  concise,  being  for  the 
most  part  confined  to  the  predominating  colour,  the  crystal- 
line form,  and  the  action  of  the  blow-pipe,  and  of  chemical 
agents. 

As  a  specimen  of  our  author^s  manner  of  describing  sub- 
stances, we  may  take  the  following. 

'^Gazolytes ; — family,  silicides ;  genus,  silicates ;  division  Ist. 
aluminous  silicates. 

Solution  freed  from  silica,  forming  with  solution  of  caustic 
potash,  a  precipitate  more  or  less  abundant ;  sometimes  none ; 
the  supernatant  liquor  giving  with  hydrochlorate  of  ammonia 
an  abundant  gelatinous  precipitate  (alumina)  insoluble  in  car- 
bonate of  ammonia,  or  partially  soluble  when  glucina  is  pres- 
ent. 

A.  Simple  aluminous  silicates,  a  very  large  solution  gives, 
in  general,  but  sr  slight  precipitate  with  solution  of  caustic  pot- 
ash. 

Bost.  Jour.  Oct.  1825.  10 
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Species  Ist.    Pvnile* 
An  opaque  substance,  tender,  compact  or  laminated,  fusi- 
ble ;  crystals  derived  from  a  rectangular  prism* 
Specific  gravity  2.98« 


••t  ••• 


Composition  =z  A  Si*,  1  atom  of  alumina  2  of  silica  ;  or 
by  weight, 

Silica**«*t««65 

Alumma...35 

100 
This  substance  is  often  mixed  with  a  greater  or  less  quantity 
of  hydrate  of  alumina  or  of  hydro-oxide  of  iron. 

Varieties. 

Crystallized,  cylindrical,  laminated,  lamellae  disseminated  in 
rocks." 

On  the  subject  of  crystallization,  M.  Beudant  has  noticed 
several  curious  facts,  and  given  a  new  arrangement  of  cry^ 
talline  forms,  which  he  conceives  are  reducible  to  seven 
groups  or  types,  viz.  1*  The  Tetra«dron.  2.  The  acute  or 
obtuse  Rhomboedron.  3«  The  straight  prism  with  square 
bases.  4.  The  straight  rectangular  prism.  5.  The  straight 
prism  with  bases  of  oblique^ngled  parallelograms.  6.  Tne 
oblique  prism  with  rectangular  bases.  7.  The  oblique  prism 
with  an  oblique-angled  parallelogram  for  the  base. 

In  the  6th  chapter,  M.  Beudant  proceeds  to  develope  the 
causes,  to  the  operation  of  which  the  great  variety  of  crys- 
talline forms  are  to  be  imputed ;  and  which  determine  any 
mineral  substance  to  assume  one  form,  or  the  modifications 
of  that  form  to  the  exclusion  of  others.  The  solution  of 
these  questions  is  one  of  the  most  interesting  points  in  philo- 
sophical  mineralogy,  but  it  is  one  of  those  on  which  little  is 
known.  Our  author  made  numerous  researches  on  natural 
productions,  and  many  experiments  on  the  salts  obtained  in 
the  laboratory,  and  was  thus  enabled  to  ascertain  three 
caqi^es  having  great  influence  on  the  crystallization  of  bodies. 
These  are,  1st.  Mechanical  mixture  of  foreign  matters  in 
the  liquid  in  which  a  salt  crystallizes,  which  seems  greatly  to 
contribute  to  the  simplicity  and  regularity  of  the  form ;  this 
is  also  observable  in  natural  crystals,  as  in  those  of  oxinite, 
feldspar,  &c.  when  mixed  (remplis)  with  particles  of  mica, 
and  which  are  more  simple  than  purer  crystals  in  their  im- 
mediate vicinity* 

Secondly,  the  nature  of  the  liquid  In  which  crystallization 
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takes  f4ace,  appears  to  have  much  influence  on  the  forms,  in 
various  ways,  sometimes  changing  them  entirely,  at  others 
modifying  them  by  additional  facets.  Common  salt,  for  ex- 
ample, always  crystallizes  from  its  solution  in  pure  water  in 
the  cubical  form,  but  in  crystallizing  from  a  solution  of  bora- 
cic  acid,  it  always,  in  the  experiments  of  M.  Beudant,  assumed 
the  form  of  a  cube  truncated  on  the  angles,  and  consequently 
passing  to  the  ectoedron*  Alum  crystallizes  from  pure  water 
m  the  form  of  an  octoedron,  but  from  muriatic  acid  in  the 
form  of  the  icosaedron.  Very  obvious  changes  are  also  pro- 
duced by  the  addition  of  a  few  drops  of  an  acid  solution. 
As  a  presumptive  proof  that  anologous  principles  have  op- 
erated in  nature,  it  is  observed  that  the  same  mineral  gener- 
ally affects  the  same  form  when  accompanied  by  the  same 
substances,  and  6n  the  other  hand  when  associated  with  oth- 
er substances  it  presents  different  forms.  The  arragonite, 
for  example,  which  is  found  in  iron  mines,  is  always  in  very 
acute  pyramids ;  that  on  the  contrary  which  is  found  in  the 
gypseous  clay  of  saiiferous  deposites,  is  always  in  the  form 
c{  prismatic  crystals,  grouped  in  the  form  of  hexagonal 
prisms. 

Thirdly,  the  substances  with  which  a  salt  may  happen  to 
combine  at  the  moment  of  crystallizing  likewise  determine 
remarkable  modifications  of  the  crystalline  forms,  sometimes 
reducing  the  crystals  to  their  most  simple  forms,  and  some- 
times multiplying  the  number  of  their  faces.  These  modifica- 
tions vary  even  m  the  same  salt  according  to  the  nature  of 
the  body  with  which  it  is  combined.  Thus,  for  example, 
the  sulphate  of  iron  mixed  with  sulphate  of  copper,  always 
assumes  the  form  of  an  oblique  rbomboidaljDrism:  sometimes 
the  quantity  of  sulphate  of  copper  is  not  sufficient  to  produce 
this  form,  at  other  times  it  is  sufficient  to  produce  a  very  near 
approach  to  it.  M.  Beudant  has  given  many  illustrations,  for 
which  we  must  refer  our  readers  to  the  work  itself.  The 
discovery  of  these  curious  facts  promises  to  form  an  epoch 
in  the  history  of  Mineralogical  Sk^ience. 

The  latter  half  of  this  volume  is  occupied  by  geological 
details,  so  far  as  they  relate  to  the  situation  and  mode  of  oc- 
currence of  the  various  minerals  described  in  the  preceding 
part.  The  second  chapter  contains  a  particular  description 
of  the  substances  which  enter  into  the  composition  of  rocks, 
or  which  occur  in  such  large  masses  themselves,  as  entitle 
them  to  be  considered  as  component  parts.  These  are  quartz, 
feldspar,  mica,  diallage,  amphibole,  idocrase,  garnet,  car- 
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bonate  and  sulphate  of  lime.  The  third  chapter  contains 
an  account  of  the  non-metallic  substances  which  occur  in 
deposites  of  small  extent,  as  rock-salt,  coal,  lignite,  and 
sulphur.  To  this  succeeds  a  general  account  of  the  metal- 
liferous deposites ;  of  those  substances  which  occur  in  the 
form  of  imbedded  masses,  veins,  &c.  and  of  those  which  are 
found  in  the  sand  and  gravel  of  the  newer  formations,  as  the 
gems,  &c. 

The  fourth  book  will  be  found  interesting  to  others  than 
mere  mineralogists,  as  it  is  devoted  to  the  consideration  of 
the  products  of  the  mineral  kingdom  which  are  used  in  the 
arts,  in  architecture,  jewellery,  &c.  The  curiosity  and  inter- 
est which  are  excited  by  the  beauties  of  nature,  the  investi- 
gation of  the  laws  to  which  its  productions  are  obedient,  are 
unquestionably  strong  inducements  to  the  study  of  natural 
history  ;  but  of  what  importance  are  all  our  discoveries,  asks 
M.  Beudant,  to  the  mass  of  mankind  ? 

It  is  the  application  of  our  knowledge  of  these  laws  and  these 
productions,  to  the  arts,  and  to  the  melioration  of  human  exis- 
tence, that  ought  to  render  them  the  great  object  of  attention. 
The  mineral  kingdom  probably  furnishes  the  greatest  number 
of  productions  which  can  be  applied  to  useful  purposes ;  offers 
many  resources  to  the  industrious,  gives  employment  to  a  large 
proportion  of  men  in  civilized  life,  and  yields  the  most  wealth. 
Architecture  draws  from  it  the  greatest  proportion  of  its  ma- 
terials, not  only  what  are  essential  to  its  structure,  but  much 
that  is  merely  ornamental ;  agriculture  derives  from  it  impor- 
tant aid  in  the  improvement  of  soils;  the  mechanic  arts  it 
supplies  with  metals,  and  a  vast  number  and  variety  of  rude 
materials ;  nor  does  it  contribute  less  to  the  chemical  arts, 
while  even  luxury  daily  makes  no  inconsiderable  demands 
upon  it.  The  number  of  human  being-  who  derive  their  sole 
su(>port  from  the  mineral  kingdom,  is  immense ;  in  France 
alone,  which  is  yet  not  on  a  level  with  its  neighbours,  the 
number  of  men  employed  in  the  quarries,  mines,  and  convey- 
ance of  mineral  substances,  is  more  than  three  millions.  If 
to  these  we  add  all  those  to  whom  the  mineral  kingdom  fur- 
nishes the  raw  material,  and  whose  existence  depends  on  this 
supply,  how  great  will  be  the  number?  According  to  the 
official  reports,  these  natural  products  annui.lly  furnish  an 
amount  of  wealth  of  033  millions  of  francs,  in  rough  metallic 
materials,  which  the  mtinufacturers  and  artists  increase  a 
hundred  fold  by  their  industry,  130  millions  of  combustibles, 
more  than  500  millions  in  stones  for  buijding,  in  sand,  in 
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earthy  matters  for  the  glass  makers  and  potters,  more  than 
100  miliions  in  different  matters  for  luxury  and  a  multitude 
of  daily  wants.  Is  not  all  this  sufficient  to  attract  our  atten- 
tion to  the  kingdom  which  supplies  them  ? 

M.  Beudant  proceeds  to  take  a  rapid  view  of  the  substances 
thus  employed,  commencing  with  those  which  are  used  in  build- 
ing, with  a  few  extracts  from  which  we  shall  close  this  notice. 

Use  of  Minerals  in  the  Art  of  Building. 

Though  we  may  use  almost  eyerykiDdof  stone  in  building,  it  is 
bj  no  means  the  case  in  architecture,  properly  so  called ; — it  is  ne- 
cessary in  architecture,  that  the  materials  should  be  £ne  enough  to 
admit  of  sculpture — that  they  be  easily  wrought  without  break- 
ing, with  pointed  tool?  and  with  the  chisel, — that  they  may  re- 
tain the  mouldings,  that  they  be  of  such  tenacity,  that  the  lower 
parts  of  the  editice  shall  not  be  crushed  under  the  weight  of  the 
upper  parts ;  and  that  at  the  same  time  they  be  not  too  heavy. 
It  is  absolutely  necessary  also  that  the  vari  tions  oi  the  atmos- 
phere have  no  destructive  influence  over  them,  that  water  not 
only  shall  not  decompose  them  at  last,  but  even  that  it  shall  not 
penetrate  them  at  all,  or  rather,  that  it  be  not  retained  within 
them  long  euoagh  to  be  frozen  ;  for  by  being  converted  into  ice, 
which  occupies  a  larger  extent,  it  would  occasion  ruptures  in  the 
rock.  Finally,  it  is  necessary  that  these  materials  be  found  in 
extensive  beds,  that  these  beds  be  homogeneous,  and  free  from 
fissures,  that  they  may  be  regularly  quarried,  so  that  stones  of 
all  dimensions  may  be  procured  from  them. 

All  these  qualities,  which  architecture  imperiously  demands, 
exclude  from  this  species  of  labor  the  greatest  part  of  the  sub- 
stances, which  form  great  masses  on  the  surface  of  the  globe, 
and  there  are  but  four  kinds,  with  a  considerable  number  of  va- 
rieties, that  can  be  used,  viz.  calcareous  rocks,  sandstones, 
volcanic  productions,  and  granitic  rocks. 

Calcareous  Rocks, 

The  calcareous  rocks  are  most  in  use,  not  only  because  they 
are  most  abundant,  but  because  they  generally  have  the  advan- 
tage of  being  wrought,  and  sawed  with  more  ease  than  any  other 
kind,  and  at  the  same  time  have  a  sufficient  degree  of  tenacity 
to  resist  pressure,  to  retain  angles,  mouldings,  &c.  The  varie- 
ties are  not  employed  indifferently  ;  some  of  them  have  too  little 
cohesiveness,  as  for  example,  chalk,  in  most  of  its  varieties;  ma- 
ny granular  calcareous  rocks,  simple  or  micaceous,  of  the  primi- 
tive and  intermediate  soils,  which  do  not  resist  pressure.  Others, 
although  their  parts  are  perfectly  aggregated,  are  too  brittle, 
too  dry,  according  to  the  expressive  term  of  the  workmen  ;  such 
are  the  very  compact,  fine-grained  calcareous  stones,  with  a  con- 
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choidal  or  scaly  fracture ;  these  varieties  moreover  are  freqaent* 
ly  full  of  seams,  which  diminish  their  solidity,  whether  they  con- 
tinue open  or  whether  they  have  heen  filled  np,  and  closed  with 
calcareous  spar,  which  has  itself  but  little  strength. 

The  calcareous  rocks  that  have  the  greatest  tenacity  and  that 
consequently  are  best  suited  to  architecture,  are  generally  the 
compact  varieties,  whose  fracture  is  uneven,  smooth,  or  irregu- 
lar, of  a  dull  or  earthy  lustre  ;  and  those  that  are  formed  of  the 
remains  of  shells,  confusedly  thrown  together,  and  united  by  a 
cement  which  is  half  crystalline,  half  earthy.  These  different 
varieties  are  most  abundant  in  secondary  and  tertiary  soils,  in 
deposites  analogous  to  those  of  the  J  ura  and  Pans.  These  forma- 
tions have  furnished  most  of  the  monuments  of  the  civilized 
world,  and  the  stones  taken  from  them  are  oflen  transported  to  a 
great  distance.  The  finest  houses  of  Amsterdam  are  built  with 
stones  from  Schaumberg  in  Hesse.  It  is  said  that  the  mosques  in 
Constantinople  are  paved  with  flag  stones,  taken  from  the  quar- 
ries of  Papenheim  in  Bavaria,  on  the  banks  of  the  Danube,  &c. 
They  exist  likewise,  but  in  less  quantities,  in  intermediate  and 
primitive  soils,  which  also  furnish  some  ccystalline  varieties  with 
very  small  plates  crossing  one  another,  of  very  great  tenacity, 
but  which  are  almost  always  employed  for  ornamental  purposes. 

The  rocks  of  i)\e  secondary  formations  are  those  usually  em- 
ployed in  the  south  part  of  Lorrain,  in  Franche  Compte,  in  Bur- 
gundy, in  Boarbonnois,  on  the  banks  of  the  Rhone,  in  one  part  of 
Normandy,  Poitou,  &c.  They  are  also  common  throughout 
Germany,  and  are  to  be  found  in  some  parts  of  England.  The 
greater  number  consist  of  calcareous  shells,  of  a  yellowish  white, 
or  bluish  gray  colour,  full  of  encrinites,  which  belong  to  the  up- 
per part  of  the  Jura ;  but  many  are  found  in  the  lower  parts,  of 
a  more  compact  texture,  which  at  the  same  time  is  neither  lam- 
inated nor  too  dry  ;  from  these  may  be  obtained  stones  of  large  di 
mensions,  which  present  many  advantages.  The  latter  were 
employed  in  preference  to  all  others  by  the  Romans,  in  those 
fine  monuments,  which  still  adorn  many  of  the  cities  in  the  south 
of  France.  A  similar  stone  was  used  ia  the  construction  of  the 
famous  Egyptian  Pyramids. 


It  is  to  be  observed  that  most  calcareous  stones  should  be  so 
employed  in  building,  as  to  occupy  the  same  position  they  had 
in  the  quarry  from  which  they  were  taken  ;  the  reason  of  this 
is,  that  the  greatest  part  of  the  calcareous  stones  found  in 
beds  more  or  less  deep,  are  made  up  of  small  layers  which  are 
scarcely  perceptible,  but  which  would  cause  the  stone  to  scale, 
or  to  split  in  a  vertical  direction,  when  placed  in  a  different  po- 
sition from  its  former  one  in  the  quarry,  or  as  it  Is  termed, 
when  it  is  placed  in  fault  (en  delit).    No  stones  but  such  as  are 
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ef  a  yerj  compact  stracture,  perfectly  homog;eDeoiie,  forming  l»eds 
of  a  gfeut  depth,  can  be  placed  on  either  side  indifferently. 


The  Granitic  Roek$, 

The  granitic  rocks  would  not  be  employed  in  any  manner, 
except  in  the  want  of  e?ery  other  kind  of  stone,  or  when  it  it 
intended  to  erect  monuments  as  durable  as  the  world ;  they  have 
soliditj  that  is  proof  against  every  thing ;  witness  the  numerous 
Egyptian  monuments  that  have  endured  for  ages,  and  are  quite 
as  fresh  as  though  they  were  but  just  finished  ;  but  they  are  very 
hard,  and  consequently  are  hammered  with  difficulty  ;  they  form, 
at  the  surface  of  the  earth,  very  large  masses,  without  stratifica- 
tion, which  circumstance  indeed  furnishes  means  of  obtaining 
pieces  as  large  in  their  dimensions,  as  may  be  desired ;  but  for 
the  same  reason  the  process  of  working  the  quarries  is  laborious 
and  expensive.  Yet  in  many  districts  of  France  no  other  stone  it 
emplqjred  in  building ;  it  is  this  stone  that  builders  are  obliged  to 
make  use  of  in  a  great  part  of  Bretagne,  and  in  Normandy,  be- 
tween  Cherbourg  and  Alen^on,  in  La  Marcheana  and  the  adjacent 
parts  of  Bourbonnois,  Limousin,  a  part  of  Auvergne,  of  Lyonnou 
(Montbrisson  &c,)  of  Burgundy  (Autun  &c.),  in  a  great  many 
countries  of  £urope,  and  other  parts  of  the  world.  The  quays 
of  the  Neva,  and  the  canal  of  Catherine  are  of  granite  ;  the  city 
and  the  fortifications  of  Rio  Janeiro  are  built  of  granite,  as  are 
likewise  the  towers  oi*  the  celebrated  Chinese  wall,  3{.c.  This 
rock  is  oAen  transported  at  great  expense  to  places  where  it  is 
not  to  be  found,  either  to  be  employed  in  union  with  other  mate- 
lials  in  the  construction  of  colonnades  for  large  edifices,  in  which 
case  it  is  a  material  for  ornamental  purposes,  or  to  be  used,  on 
account  of  its  great  solidity,  in  masonry  that  is  intended  to  last 
forever ;  for  the  pavement  of  streets,  quays,  all  places  where  the 
pasaing  is  constant,  kc. 

•        •        •    '    • 

There  is  but  little  choice  among  the  granite  rocks ;  all  that  it 
necessary  is  to  avoid  such  as  have  become  altered,  those  in 
which  the  constituent  parts  exist  in  large  pieces,  those  in  which 
the  mica  has  a  tendency  to  dispose  itself  in  leaves,  and  those 
which  are  passing  into  gneiss. 

In  architecture,  granites  of  different  ages,  and  many  kinds  of 
rocks  to  which  geologists  give  other  names,  are  employed ;  such 
as  the  true  porphyries,  as  in  the  vicinity  of  Roanne,*  andsienites, 
as  in  ^  Fo$ee$y  and  as  seen  in  many  of  the  figyptian  monuments. 
Sometimes  the  name  of  granite  has  been  given  even  to  the  are* 


*  Our  porpbyiy  at  Maiden  is  of  this  kind*        W. 
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naceous  rocks  of  deposites  of  sea  sand-stone,  in  which  all  the  ele- 
ments of  granite  may  be  found  re-aggregated  togetiier. 


Mortar. 

Sometimes  the  different  stones,  that  enter  into  the  construc- 
tion of  a  building,  are  squared  with  much  care  on  the  faces  by 
which  they  are  to  join,  and  are  then  applied  the  one  upon  the 
other  without  any  intervening  substance  ;  but  they  are  generally 
joined  by  means  of  a  soft  substance,  capable  of  becoming  hard 
after  their  junction,  which  is  Itnown  by  the  name  of  cement  or 
mortar.  There  are  many  kinds  of  cement;  in  the  coarse  struc- 
tures of  the  country,  nothing  more  than  clay  moistened  with  wa- 
ter is  usually  employed,  but  in  more  elaborate  structures  the  ce- 
ment IS  more  carefully  selected.  It  appears  that  in  Egypt,  bitu- 
men was  often  used  for  that  purpose,  and  we  are  assured  that 
the  walls  of  Babylon  were  made  of  bricks,  cemented  together  by 
that  substance,  it  has  moreover  been  introduced  of  late  into  use 
in  France  for  small  structures,  for  the  common  sewers  of  great 
cities,  for  basins,  &c.  From  time  immemorial  lime  has  been 
used,  mixed  with  different  substances,  reduced  to  powder,  in  or- 
der to  compose  the  mortar  which  is  to  unite  the  stones  in  great 
monuments,  and  in  structures  that  are  intended  to  possess  great 
solidity.  In  many  places,  plaster  is  used  as  in  the  lining  of  walls, 
in  rough-cast,  and  in  a  multitude  of  cases. 

Lime  is  the  result  of  the  burning  of  the  carbonate  of  lime,  an 
operation  which  takes  the  name  of  calcination,  and  is  extended 
to  many  other  cases,  in  which  is  involved  the  reduction  of  a  me- 
tal, of  a  sulphuret,  or  a  salt  to  an  oxide.  It  may  be  obtained  from 
all  the  varieties  of  limestone,  but  they  do  not  all  yield  it  equal- 
ly suitable  to  all  kinds  of  use.  In  general,  lime  may  be  divid- 
ed in  the  arts  into  three  kinds,  fat,  dry,  and  hydraulic  lime.  The 
first  of  these  is  inferior  to  the  other  two ;  it  absorbs  a  great 
quantity  of  water  in  slacking,  it  is  long  before  it  liardens  even  in 
the  open  air,  and  under  water,  or  in  moist  situations  it  does  not 
harden  at  all ;  yet  this  kind  is  that  most  extensively  used,  partly 
perhaps,  because  it  is  the  most  common,  and  partly  because,  as 
it  admits  of  a  large  quantity  of  sand,  and  absorbs  a  great  deal  of 
water,  it  furnishes  much  more  mortar  to  a  given  weight  or  mea- 
sure of  lime.  It  is  accordingly  the  most  economical,  but  its 
cheapness  is  obtained  at  the  expense  of  solidity. 

We  say  dry  lime  is  much  better  suited  for  building,  because  it 
hardens  readily  in  the  air,  and  even  in  moist  places,  but  it  is  less 
economical,  for  it  absorbs  but  little  water,  and  admits  only  a 
small  proportion  of  sand. 

Finally,  hydraulic  lime  hardens,  not  only  in  moist  places,  but 
under  water,  without  the  aid  of  any  other  substance  ;  it  is  conse- 
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qtiently  the  last  thing  that  can  he  employed  in  all  hydraalic  strac* 
lures,  in  foundations  that  are  situated  in  wet  places,  &c.  *  *  *  * 
It  has  been  thought  for  a  long  time  that  in  the  drying  of  a  ce- 
ment, the  lime  attracts  carbonic  acid  from  the  atmosphere,  and 
that  the  mass  acquires  its  greatest  Solidity  when  the  whole  is 
converted  into  a  carbonate.  It  is  for  this  reason,  it  has  been 
said,  that  the  cements  which  we  find  in  the  ancient  Roman  mon* 
uments,  possess  at  this  day  a  greater  solidity  than  our  own ;  but 
this  is  an  error ;  the  Roman  cements  do  not  contain  the  quantity 
of  carbonic  acid  necessary  to  saturate  the  lime  ;  and  hence  it  is 
evident,  that  there  exist  silicates  and  aluminates  of  fime,  which 
are  formed  at  a  time  posterior  to  the  use  of  the  substance.  It  is 
even  to  be  remarked  that  the  hardness  of  the  ancient  cements  is 
greater  in  proportion  as  the  quantity  of  carbonic  acid  is  less. 
These  observations  may  serve  to  show  how  important  it  is  in 
choosing,  to  give  the  preference  to  siliceous  and  aluminous  lime- 
stones, or  when  these  cannot  be  procured,  to  prepare  the  com- 
pounds, that  it  is  necessary  to  introduce,  with  great  accuracy. 


Art.  IX. — A  New  Theory  of  Parallel  Lines.     By  Warren 
Colburn,  Esq. 

The  following  proposition^,  on  which  the  theory  of  parallel 
lines  in  its  present  form  depends,  has  always  been  considered 
as  not  sufficiently  evident  to  be  taken  as  an  axiom ;  but  no 
demonstration  has  ever  been  given  sufficiently  simple  to  be 
introduced  into  an  elementary  treatise.  Consequently,  all 
elementary  treatises  are  defective  in  this  point. 

Proposition.  If  a  straight  line  meets  two  straight  lines  so 
as  to  make  the  two  interior  angles  on  the  same  side  less  than 
two  right  angles,  these  straight  lines  being  continually  pro- 
duced, will  at  length  meet  upon  that  side  on  which  the  two 
andes  are  less  than  two  right  angles. 

Upon  this,  Simson  remarks,  ^^  the  proposition  which  is  us- 
ually the  6th  postulate  or  the  11th  axk>m,  by  some  the  12th, 
on  which  this  29th  depends,  has  given  a  great  deal  ado  to  ge- 
ometers. It  seems  not  properly  placed  among  the  axioms,  as 
indeed  it  is  not  self-evident,  nor  does  it  admit  of  a  demonstra- 
tion in  a  strict  sense,  &c."  Simpson's  Euclid,  Note  to  Prop. 
29th,  Book  I. 

Lacroix,  in  his  geometry,  in  a  note  to  No.  40,  thus  remarks* 
The  imperfection  of  the  theory  of  parallel  lines,  resides  in  the 
difficulty  of  proving  directly  this  proposition.     Many  authors 
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bave  made  unsuccessful  attempts  to  prove  it ;  and  others,  as 
Bezout,  have  endeavoured  to  conceal  the  faults  of  the  reason- 
ing ;  which  seems  to  me  contrary  to  the  rigorous  duty  which 
every  author  of  elementary  works  imposes  upon  himself,  &c« 

LacroiK  gives  in  a  note,  a  demonstration  by  M.  Bertrand, 
but  it  is  not  sufficiently  elementary  for  learners. 

Legendre  ,gives  a  kind  of  mechanical  illustration  of  it  in 
the  text,  and  an  analytic  demonstration  sufficiently  difficult 
in  a  note. 

In  examining  the  subject^  it  appeared  to  me  that  the  diffi- 
culty arose  from  the  dehnition  which  did  not  seem  to  be  the 
most  general  or  the  most  natural.  I  therefore  changed  the 
definition  for  the  one  given  below ;  which  Is  more  general,  for 
the  old  one  follows  as  a  corollary  from  it,  and  I  believe  it  will 
generally  be  granted  to  be  more  natural. 

I  then  endeavoured  to  prove  the  usual  propositions  relating 
to  parallel  lines,  without  using  the  contested  proposition, 
leaving  that  for  a  later  period  when  I  should  have  more  data. 
How  well  I  have  succeeded,  mathematicians  must  decide. 

My  demonstrations  are  not  longer  or  more  difficult  than 
those  usually  found  in  elementary  works  on  the  same  sub- 
ject. After  my  own  demonstrations  relating  to  parallels,  I 
have  introduced  several  propositions  from  Lacroix,  in  order 
to  obtain  data  to  prove  the  contested  proposition,  which  is 
inserted  last.  The  whole  so  corresponds  with  Lacroix,  that 
it  might  be  inserted  into  his  work,  by  omitting  such  of  his 
demonstrations  as  relate  to  the  same  points,  and  placing  No. 
50,  6  i ,  and  63  after  the  proof  of  the  disputed  proposition. 

A  series  of  propositions  might  be  selected  from  Legendre, 
by  which  the  disputed  proposition  might  be  proved,  using  my 
demonstrations  first,  but  it  would  destroy  the  present  arrange- 
ment of  the  work. 

1.  If  in  any  two  triangles  ABC  and  DEF^  (fig.  1.)  right- 
angled  in  A  and  D,  the  sides  BC  and  EF^  opposite  the  nght 
angles  be  equal,  and  a  side  AB  in  the  one,  equal  to  a  side 
DE  in  the  other,  the  triangles  are  equal. 

Demonstration.  If  AB  be  laid  upon  DE  so  that  A  may 
coincide  with  D,  the  point  B  will  coincide  with  £,  and  the 
line  AC  will  coincide  with  DF  on  account  of  the  equal  an- 
gles A  and  D.  Now  jBC,  being  equal  to  EF,  must  meet  DF 
at  the  same  distance  DF  from  the  perpendicular  ED. 
Therefore,  AC  is  equal  to  JDJP,  and  the  angles  B  and  C  to  £ 
and  F  respectively. 
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3.  If  in  any  two  triangles  ABC  and  DEF  (same  figure^) 
the  sides  BC  and  EF^  opposite  to  the  right  angles^  be  equal, 
and  one  angle  as  C  in  the  one  be  equal  to  the  angle  F  of  the 
other,  the  two  triangles  are  equal.  - 

Demonsti  ation.  If  BC  be  laid  upon  EF  so  that  C  may  co- 
incide with  F,  the  point  B  will  coincide  with  E  \  and  the  an- 
|le  C  being  equal  to  F,  the  line  AC  will  coincide  with  DF. 
Kow  from  the  point  £,  only  one  perpendicular  to  the  line  DP 
can  be  drawn.  Therefore  the  line  BA  will  coincide  with  ED, 
and  be  equal  to  it.  Also  AC  will  be  equal  DF,  and  the  an- 
gle B  to  the  angle  E. 

Definition.  7\oo  straight  lines  so  situated  as  to  be  equvdis" 
tani  throughout  their  whole  extent^  are  called  parallel  lines* 

Corollary.  Parallel  lines,  if  produced  to  any  extent  in 
either  direction,  will  not  meet. 

It  is  proposed  to  prove  the  following  propositions  relative 
to  parallel  lines. 

When  two  parallel  lines  AB  and  CD  (fig.  2.)  are  cut  by  a 
straight  line  EFi 

1st.  7%e  alternate  internal  angles  are  equal,* 

2d.  The  alternate  external  angles  are  equal ; 

3d.  The  corresponding  angles  are  equal ; 

4th.  The  internal  angles  on  the  same  side  are  together  equal 
to  two  right  angles. 

5th.  The  external  angles  on  the  same  side  are  together  equal 
to  two  right  armies. 

6th.  When  two  straight  lines  are  so  sitiiated  as  to  have  either 
of  the  above  properties^  they  are  parallel. 

Demonstration.  1st.  When  the  line  EF  is  oblique.  From 
the  points  H  and  /  where  the  line  EF  cuts  AB  and  CD,  draw 
HK  perpendicular  to  CD,  and  IL  perpendicular  to  AB. 

In  the  triangles  HIK  and  JFf/L,  right-angled  in  K  and  L, 
the  line  HI  is  common,  and  opposite  to  the  right  angle  in  each, 
and  the  line  HK  is  equal  to  iL  by  the  definition  ;  therefore 
the  two  triangles  are  equal  in  all  their  parts.     Hence 


*  The  namet  of  the  &ii|le8,  adopted  here  an  those  of  Lacroix.    They  will  be  ea- 
sily understood  by  refernng  to  the  figure. 
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1st.  The  angle  HIK  =  /HL;  (these  are  alternate  internal 
angles*) 
The  angle  HIK  +  HID  =  two  right  angles,  also 
The  angle  IHL  +  IIIA  =  two  right  angles ;  hence 
The  angle  HIK  +  HID  =  IHL  +  IHA; 
Taking  away  the  equal  angles  HIK  and  /HL,  there 
remains  HID  =  IHA ;  (these  are  also  alternate  in- 
internal  angles.) 
Therefore  the  alternate  internal  angles  are  equal. 
2d.  and  3d.  The  angle  ^HE  =  IHL  =  HIK  =  DIF,  and 
The  angle  EHL  =  AHI  =  HID  =  FIK,  therefore, 
The  alternate  external  angles  are  equal,  and  the  corres- 
ponding angles  are  equal.     (The  angles  EliL  and  HID  and 
all  others  situated  like  them,  are  corresponding  angles.) 

4th.  The  angle  AHI  +  IHL  =  two  right  angles ;  but 
HIK  =  IHL,  therefore,  AHI  +  HIK  =  two  right  angles ; 
that  is,  the  internal  angles  on  the  same  side  are  togetfier  equal 
to  two  right  angles. 

5th.  The  angle  AHE  +  KIF  =  HIK  +  AHI  =  two 
right  angles ;  that  is,  the  external  angles  on  the  same  side  are 
together  equal  to  two  right  angles. 

6th.  In  the  same  figure,  let  the  straight  lines  AB  and  CD 
be  so  situated,  that,  when  cut  by  the  straight  line  EF  in  any 
two  points  H  and  7,  the  two  interior  angles  on  the  same  si^ 
AHi  and  HIC  may  be  together  equal  to  two  right  angles. 

From  the  points  H  and  /,  draw  HK  perpendicular  to  CD^ 
and  IL  perpendicular  to  AB. 

The  angle  AHI  +  HIC  =  two  right  angles  by  hypothesis, 
also  the  ancle  ^HI  +  IHL  =  two  right  angles ;  therefore, 
the  angle  IHL  =  HIC.  Hence  the  triangles  HIK  and  HIL 
right-angled  in  K  and  L,  have  the  angles  HIK  and  IHL 
equal,  and  the  line  HI  common  and  opposite  to  the  right  an* 

fles ;  therefore  the  two  triangles  are  equal  in  all  their  parts, 
lence  the  line  HK  =  LI.  The  lines  AB  and  CD,  being 
equidistant  in  the  two  parts  HK  and  L/,  must  be  equidistant 
throughout ;  that  is,  they  are  parallel. 
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2d.  When  the  line  EF  is  perpendicular  to  one  of  the  lines ; 

Tiff*  ft  ^^'  '^  ^"^  ^^ 

A      ^^^ ^ S 


(fig.  3.)  be  two  par- 
allel straight  hnes, 
and  cut  obliquely 
by  the  straight  line 
J^K  in  the  points  H' 
and  /.  From  L  the 
middle  of  the  liucHI 

draw  LE  perpendicular  to  AR^  and  LP  perpendicular  to  CD* 
In  the  (riang'es  LHE  and  L/F,  right-angled  in  E  and  F,  the 
angle  LHE  =  LIF^  being  alternate  internal  angles,  and  the 
lines  LH  and  LI^  opposite  to  the  right  angles,  are  equal  by 
construction,  therefore  the  two  triangles  are  equal,  and  the 
angle  HLE  =s  ILF. 

The  angle  HLE  +  ELI  =  two  right  angles,  and  because 
the  angle  HLE  =  ILF^  the  angle  ILF  +  ELI  =  two  right 
angles.  Therefore  the  line  jBr  is  a  straight  line  and  perpen- 
dicular to  both  AB  and  CD,  from  which  it  will  follow  that 
the  properties,  which  were  proved  for  the  oblique  line,  are 
true  for  the  perpendicular. 

The  Problem  for  drawing  parallel  lines  may  follow  here* 

JTieorem. 
The  three  angles  of  a  triangle  are  together  equal  to  two 
right  angles. 
For  a  demonstration,  see  any  treatise  on  geometry. 

TTuorem.    Lacroix^  No.  54. 
The  parts  AC  and  BD^  (fig.  4.)  of  two  parallel  straight 
lines  intercepted  between  two  parallel  straight  lines  are  equal 
to  each  other,  and  reciprocally. 

A.  Demonstration*  If  the  line  AD  be  drawn, 
two  triangles  ABD  and  ACD  will  be  formed, 
which  will  be  eauai ;  for  taking  AD  as  se- 

C/ JD  cant  to  the  parallels  AB  and  CD,  the  angles 

BAD  and  JiDC  are  equal,  being  alternate  in- 
ternal angles;  taking  AD  as  secant  to  the 
parallels  AC  and  BD^  the  angles  ADB  and 
DAC  are  equal  for  the  same  reason  ;  farther, 
the  side  AD  being  common  to  the  two  triangles 
ABD  and  ACD^  the  triangles  are  equal.  Therefore  the  sides 
AC  and  BD  are  equal,  which  was  to  be  demonstrated.  The 
same  is  true  of  the  sides  AB  and  CD* 

Reciprocally,  if  the  parts  CD  and  AB  are  equal,  and  also 


S6  A  Km  Thmy  vf  PBtuSUi 

the  partfi-sdC  and  £A  the  triangles  ABD  and  Jd!€17  will  have 
their  three  sides  equal  each  to  each,  and  will  consequently 
l)e  equal.  The  equality  of  the  alternate  internal  ancles  CAD^ 
ADB  establishes  the  parallelism  of  the  straight  lines  AC^ 
BD^  and  the  eauality  of  the  angles  BAD^  CHA^  that  of  the 
straight  lines  AB^  Cl). 

Theortm.    Lacrmx,  No.  56» 

If  any  two  straight  lines  ^f  and  GM  Tfig.  5,)  are  so  situ- 
ated as  to  be  cut  by  a  number  of  parallels  AG^  BH^  CI^ 
&c.  in  such  a  manner  that  the  parts  of  AF  intercepted 
between  them  are  equal,  the  parts  GH^  HI,  IK,  &c.  of  the 
second  will  also  be  equal  to  each  other.  The  demonstration 
is  varied  a  little  from  that  of  Lacroix. 

Demonsiraium,  Through  the  points  A,  B,  C,  &c.  draw  the 
right  lines  AK,  BO,  CP,  &c.  parallel  to  GM,  the  trian- 
gles ABK,  BCO,  CDF,  &LC.  will  be  formed,  in  which  the 
sides  AB,  BC,  CD,  &c.  are  equal  by  hypothesis ;  the  angles 
ABN,  BCO,  CDP,  &c.  are  equal,  being  corresponding  angles 
with  regard  to  the  parallels  BH,  CI,  nK,  &c.,  cut  by  aF; 
the  angles  BAK,  CBO,  DCP,  &c.  are  equal,  being  corres- 
ponding angles  with  regard  to  the  parallels  .^JV*,  BO,  CP,Slc. 
cut  by  the  une  AF.  Consequently  the  triangles  ABK,  BCD, 
'CDP,  &c.  are  equal ;  from  which  it  follows  that  the  lines  AN, 
BO,  CP,  &c.  are  equal  to  each  other.  But  the  lines  GH, 
HI,  IK,  &c.  are  respectively  equal  to  AJf,  BO,  CP,  &c. 
being  parallels  intercepted  between  parallels,  therefore  GH^ 
HI,  Ik,  &c.  are  equal  to  each  other. 

^TUC'S»  \  g^  Corollary.    Lacroix,  No.  67. 

It  follows  from  what  pre- 
cedes, that  AB  is  contained  in 
AF,  as  many  times  as  GH  is 
contained  in  GM\  hence  we 
have  this  proportion,  (or  equa- 
tion.) 

AF  _  GM 

AB'^  GIT 

or  multiplying  by  GH,  and  dividing  by  AF, 

GH  ^  GM 

AB  "^  AF' 

Also, 

2GH  _  GM 
2AB       AF  ' 
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That  is,  any  number  of  parts  of  AF  bears  the  same  propor- 
tion to  the  same  number  of  parts  of  GM^  that  the  whole  line 
AF  bears  to  the  whole  Ibe  GM. 

Theorem.    Lacroix^  No.  58. 
If  three  parallels  AG^  DK,  FM,  (fig.  6,)  be  cut  by  any 
two  straight  lines  AF^  GM,  the  parts  intercepted  between  the 
parallels  will  be  [NPoportional,  so  that 

AD  _  GK 
DF  "^  KM' 

Demomtratinnm  This  proposition  admits  of  two  cases.  1  st. 
Let  AD  be  commensurable  with  AF^  that  is,  let  them  be  such 
that  the  ratio  of  AD  to  AF  may  be  expressed  exactly  by 
numbers.     Suppose,  for  example,  that 

AF   _  47 

AD        2ft' 

If  we  conceive  the  right  line  AF 
divided  into  47  equal  parts,  AD  will 
contain  35  of  those  parts,  and  DF,  22. 
Drawing  then  through  all  the  divis- 
ions right  lines  parallel  to  AG^  the  right 
line  GM  will  be  divided  into  47  equal 
,«w  parts,  of  which  25  will  compose  GKr 
•°^  and  22  will  compose  -Of;  hence 

AD  _  26 

DF  ""  22' 

GK  _  25 

KM  ^22' 

from  which  it  follows,  that 

AD  _GK 
DF  ^  KM' 

Farther,  because  of  the  equations 

AF  _  47 

;^  ~  26'  - 

GM  _  47 

GK  "■  26' 
we  obtain 

AF^  _GM 

AD  "^  GK* 
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2d.  If  AF  and  AD  arc  incommensurable,  it  may  be  prov- 
ed as  follows,  that  their  ratio  can  be  neither  smaller  nor 
larger  than  that  of  GK  to  GM. 

Suppose,  first,  that 

AF        GM     ,,  .      .        AF        AD 
—  =^,  which  gives  ^:^^, 

01  being  smaller  than  GK.  The  side  AF  may  always  be 
divided  into  parts  so  small,  that  lines  being  drawn  through 
all  the  points  of  division  parallel  to  FM,  one  of  them  de  will 
pass  between  the  points  /  and  Ki  we  shall  have  according  to 
what  precedes,  on  account  of  the  commensurability  of  AF 
and  A  d, 

AF  ^  GM 

Ad  "■  Ge' 

or 


But  by  hypothesis 


therefore 


or 


AF 
GM 

Ad 
■  Ge 

•    • 

AF 
GM 

\ 

AD 
GI' 

AD 
GI 

=r 

Ad 
Gt' 

AD 
Ad 

i^ 

GI 
Ge' 

which  result  is  absurd,  for  AD  is  greater  than  Ad^  while  GI 
is  less  than  G  e. 

By  a  similar  process,  it  may  be  shown  that  we  cannot 
have 

AF  _  GM 
AD  ^  Gr' 

GP  being  greater  than  GK.     Therefore,  since  GI  can  be 
neither  greater  nor  less  than  GK^  it  must  be  equal  to  it. 
From  the  equation 

AF        GM 


we  derive 


AD        GK' 

AF—  AD  _  GM  —  GK 
AD  :        GK       ' 
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or  inverting  terms 


DF  _KM 
AD  ■"  KG' 


AD        GK 


DF  ""  KM" 

Note.  If  the  denominators  of  the  two  members  are  sub- 
tracted frpm  the  numerators,  the  numerators  will  each  con- 
tain the  denominators  one  time  less  than  before. 

1st.  Corollary.    Lacroix^  No.  59. 
If  through  the  point  G,  the  line  GX  be  drawn  parallel  to 
AF^  we  have 

GO  =  AD,    OK  =  DF, 
being  parallels  intercepted  between  parallels;  and  bj  what 
precedes 

GO  _  GK 

ON"  KM" 
GO  _  GK 
GJSr  ■"  GM* 

If,  therefore,  there  be  drawn  in  a  triangle  a  right  line  OJP, 
parallel  to  one  of  its  sides  NM,  the  two  other  sides  GK  and 
GM  will  be  cut  into  proportional  parts  by  the  right  line. 

2d.  Corollary.    Lacroix,  No.  60. 
Reciprocally,  when  a  right  line' cuts  two  sides  of  a  trian- 
gle into  proportional  parts,  it  is  parallel  to  the  third  side. 
If  in  the  triangle  ABC,  (fig.  7.J  we  have 

AB  _  AC 

and  if  eJ  is  not  parallel  to  BC,  we  can  draw  through  the 
point  e  a  right  line  e  B^  parallel  to  BC,  which  would  give 

AB  _  AC 

Ae'^  Aii* 

y^  -J^  j^  From  the  two  equations,  it  appears 

^'  •  '   /^  that  AH  =z  Ab,  consequently  the  lines 

e  b  and  e  H  coincide  with  each  other, 
and  that  the  first  is  necessarily  parallel 
to  BC. 

-,  -  ^  Lacroix,  No.  63. 

'  ^  Definition  of  similar  triangles. 
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Thtortm*    Lacroix^  No*  64. 
When  two  triangles  ABC  and  DEF  (fig.  8.)  have  their 
angles  equal  each  to  each,  their  homologous  sides  are  propor- 
tional, and  they  are  consequently  similar. 

Demonstration*  If  we  take  upon  AB  and  AC^  two  parts 
A  e  and  A  6,  respectively  equal  to  DE  and  DF,  and  draw  e  6, 
the  triangles  eAS  and  EDFyfill  be  equal,  since  by  hypothe- 
sis the  angle  A  of  the  one  is  equal  to  the  angle  D  of  the  oth* 
cr,  and  the  sides  A  e  and  A  b  are  equal  to  DE  and  DF  by 
construction.  The  angle  A  eb  being  equal  to  J5,  will  conse- 
quently be  equal  to  JB,  and  eb  will  be  parallel  to  BC, we  shall 
iherefere  have  this  equation, 

AB^  _AC^        AB  _AC 
A7  "^  Jb  ^^  BE  ""  DF^ 
Drawing,  then,  GB  parallel  to  AB^  we  have 

AC^  _  BC^       AC   __  BC 
AT  ^  BG  ^^  DF  ^  W 

since  BG  is  equal  to  <  b,  which  is  equal  EF.    Since  the  mera- 

AC 
ber  yrr;  is  common  to  both  equations,  we  have 

AB         AC        BC 


I%.8. 


DE  "  DF  ^  EF* 

From  which  it  results,  that 
the  homologous  sides  of  the 
two  triangles  are  proportion- 
al. 

Corollary.  Lacroix,  No.  66. 
It  follows  from  the   pre- 
ceding proposition,  that  two 
triangles  are  similar  when 
they  have  two  angles  equal 

each  to  each,  since  the  third  ande  in  the  one  is  necessarily 

equal  to  the  third  angle  of  the  other. 

Theorem. 
If  two  straight  lines  AB  and   CD,  (fig.  9.)  cut  by  the 
straight  line  EF  make  the  angles  BEF  and  DFE  together 
less  than  two  right  angles,  they  may  be  produced  until  they 
meet. 
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Demonstration.  Through  E  draw  GH  parallel  to  CD^  also 
from  any  point  /  in  the  line  AB  draw  IK  parallel  to  CD. 
The  line  iK  will  meet  EF  in  the  point  K  between  E  and  J^, 
for  the  angles  HEF  and  DFE  are  together  equal  to  two 
right  angles,  being  the  interior  angles  on  the  same  side  with 
regard  to  the  parallels  G/f,  CD ;  and  the  angles  JBJEF,  DFE, 
are  together  less  than  two  right  angles  by  hypothesis,  hence 
the  angle  BEF  is  less  than  HEF  and  the  line  EB  falls  within 
the  parallels  GH,  CZ),  consequently  /JT,  being  parallel  to  GH^ 
CD,  is  between  them,  and  a  triande  EIK  is  forme d«  Through 
another  point  L  of  the  line  AB^  draw  the  line  LM  parallel  to 
CD  which  will  meet  EF  in  Jtf,  and  form  the  triangle  JSUf, 
having  its  angles. respectively  equal  to  those  of  ElK^  conse- 
C|uentfy  these  triangles  are  similar,  and  we  have  this  equa- 
tion; 

EI    _  EK 

EL  ""  EM* 

If  EL  is  twice  £/,  EJtf  will  be  twice  EK  and  so  on ;  that 
•is,  the  line  ££,  as  it  is  produced,  approaches  the  line  CD 
produced,  exactly  in  proportion  to  its  length ;  consequently 
they  may  be  produced  until  they  meet. 

If  the  ratio  of  EK  to  £F  be  expressed  by  two  numbers,  a 
and  6,  so.  that 

a       EK 


we  have 


b 

~  EF' 

a 

6  ' 

EI 
'  EO' 

EO- 

-XEJ. 
a 

which  gives 


Whence  the  point  O  of  their  meeting  may  be  foqnd. 
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Pastorff  on  the  Solar  Spots  and  C/oud*.— In  examining  the 
sun's  disk  with  a  fine  six-feet  achromatic  telescope  of  Fraun- 
hofer,  with  powers  varying  from  25  to  400,  M.  Pastorft'  of 
Buchholtz,  near  Frankfort  on  the  Oder,  has  observed  several 
interesting  phenomena  relative  to  the  spots  on  its  surface, 
their  penumbras,  and  the  phosphoric  clouds.  He  observes 
that  the  pcnumbrae  of  the  spots  resemble  a  mass  of  the  emp- 
ty eggs  of  the  Bombix  neustria^  which  surround  the  black 
spots  concentrically  and  with  different  breadths.  These  ap- 
parent eggs  arc  contiguous,  and,  as  it  were,  agglomerated  the 
one  to  the  other,  with  openings  extremely  smalT.  M.  Pastorff 
consider^  it  quite  certain  that  these  spots  with  the  penumbras 
are  on  the  surface  of  the  solar  globe,  and  that  they  disappear 
when  the  phosphoric  clouds  cover  them,  principally  when 
they  are  near  the  margin  of  the  sun ;  and  he  thinks  that  it  is 
probably  these  phosphoric  clouds,  which,  in  the  interval  of 
some  hours  only,  form  this  great  variety  of  spots.  On  the 
1st  December,  1823,  M.  Brioschi  of  Naples  observed  a  large 
spot  equal  to  1  i  our  ^lobe,  surrounded  with  an  irregular  and 
branching  elevation,  mto  which  there  seemed  .  to  be  precipi- 
tating great  masses  of  fire.  The  whole  surface  of  the  sun  he 
saw  like  an  ocean  on  fire  agitated  by  a  storm.  M.  Pastorff 
saw  this  same  spot  on  the  same  day,  when  the  phosphoric 
clouds  were  In  great  motion  ;  but  though  he  has  often  seea 
the  agitation  of  the  phosphoric  clouds  much  greater,  he  did 
not  consider  it  as  resembling  an  ocean  on  fire.  Almost  al- 
ways, when  the  spots  approach  the  margin  of  the  sun's  disk, 
they  divide  themselves  into  several  groups,  or  they  re-unite 
if  they  have  been  previously  subdivided.  Very  near  the 
margin,  the  spots  appear  totally  altered,  and  they  almost 
always  appear  as  if  they  were  dissolved  and  changed  into 
luminous  clouds,  though  that  dissolution  is  only  apparent ; 
for  it  is  quite  evident  that,  in  proportion  as  these  spots  ap- 
proach the  margin  of  the  disk,  the  penumbra  or  the  nebulosi« 
ty  which  encircles  them,  covers  them  more  and  more  till  they 
totally  disappear.  There  is  then  only  seen  the  luminous 
nebulosity,  which  is  sometimes  surrounded  with  phosphorie 
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clouds.    The  sun  always  appeared  more  bright  at  its  centre 
than  towards  its  edge. — Edin.  Jouu  of  Science* 

Lumintms  Snawsiorm* — Towards  the  latter  end  of  March« 
in  1813,  a  shower  of  snow  fell  on  Lochawe,  in  Argyleshire, 
which  alarmed  or  astonished  those  by  whom  it  was  witnessed, 
according  as  they  were  influenced  by  superstition  or  curiosi- 
ty. The  day  had  been  calmly  beautiful,  but  the  sky  became 
suddenly  gloomy,  and  in  a  few  minutes  a  shower  of  snow 
fell.  The  lake  (which  was  of  glassy  smoothness)  immediate- 
ly presented  a  luminous  surface,  forming  one  huge  sheet  of 
fire.  A  boat,  in  which  were  several  gentlemen,  presented  a 
similar  appearance,  and  the  exposed  parts  of  the  bodies  of 
the  gentlemen  seemed  to  the  eye  to  burn,  although  without 
any  feeling  of  warmth.     When  they  applied  their  hands  to 

I  any  of  the  melting  snpw,  the  luminous  substance  adhered  to 

them,  as  well  as  tne  moisture,  and  this  property  was  not  lost 

I  by  the  snow  for  twelve  or  fifteen  minutes. — Edin.  Philog, 

Jour. 

In  the  4th  volume  of  the  Memoirs  of  the  American  Acade* 
my  is  an  account  by  Prof.  Farrar  of  similar  electrical 
phenomena  observed  during  a  snow-storm  on  the  evening  of 
the  17th  of  January,  1817.  This  storm  extended  through 
a  great  part  of  the  United  States,  and  was  accompanied  in 
some  places  with  almost  incessant  thunder  and  lightning. 
Three  persons,  crossing  the  bridge  over  the  Androscoggm 
river,  observed  the  borders  of  their  hats  to  be  luminous,  and 
when  they  held  up  their  hands  covered  with  woollen  gloves, 
the  ends  of  their  fingers  were  also  luminous.  At  Williams- 
town,  Vermont,  the  luminous  appearance  was  seen  by  a 
physician  on  the  ears  and  hair  of  his  horse's  head,  on  the 
whip  of  a  young  man  who  accompanied  him,  and  on  the  hat 
of  a  gentleman,  who,  in  attempting  to  brush  it  oflf,  saw  it  ex- 
tend Itself  over  the  greater  part  of  his  hat.  These  electrical 
phenomena  were  also  observed  upon  the  fences  and  bushes, 
and  upon  all  substances  which  extended  to  any  considerable 
distance  above  the  surface  of  the  ground,  and  approached  to 
a  point,  but  they  had  not  all  the  same  form.  For  the  most 
part  the  light  appeared  like  a  spark  or  star,  but  in  some  in- 
stances it  resembled  a  blaze,  in  form  of  an  inverted  cone  of 
about  two  inches  in  height,  and  three  fourths  of  an  inch  in 
diameter  at  the  base.  These  blazes  emitted  a  hissing  sound, 
resembling  that  of  the  water  in  a  teakettle  just  before  it  boils, 
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which  could  be  heard  distinctly  at  the  distaace  of  6  or  8 
feet.  They  were  observed  on  stakes  in  the  fences,  higher 
than  any  other  substances  near  them,  and  when  they  were 
removed,  the  blazes  disappeared,  and  wei^e  succeeded  by 
stars. 

Appearances  similar  to  the  above  were  said  to  have  been 
observed  in  other  places  on  the  10th  of  March,  1817,  and  in 
one  instance  the  light  appeared  on  a  well-<pole  when  elevated ; 
upon  drawing  down  the  pole,  the  lieht  gradually  dimmisbed, 
and  at  length  entirely  vanished.  When  the  pole  was  raised 
again,  it  reappeared. 

In  the  1st  volume  of  the  Memoirs  is  an  account  of  a  still 
more  luminous  effect  noticed  by  Mr  L.  Baldwin  at  Woburn, 
Mass.  during  a  thunder  shower  in  July,  1771.  Mr  Baldwin 
having  raised  an  electrical  kite,  became  surrounded  with  ^'  a 
fiery  atmosphere,''  which  produced  a  sensation  of  weakness 
in  his  limbs  and  "  a  kind  of  listless  feeling."  On  returning 
to  his  house  he  found  his  family  somewhat  alarmed,  and  was 
informed  that  he  appeared  (during  the  flying  of  the  kite)  to 
be  in  the  midst  of  a  large,  bright  flame  of  fire,  attended  with 
flashings;  and  that  they  expected,  every  moment,  to  see 
him  fan  a  sacrifice  to  the  flame. 

Zircon^  a  Phosphate  of  Yttria. — ^Extract  from  a  letter  from 
M.  Berzelius. — I  have  oeen  tempted,  in  the  course  of  exper- 
iments, which  I  had  undertaken  in  order  to  determine  the 
composition  of  zircon,  to  ascertain  whether  thorina  was  not, 
as  I  had  for  a  long  time  suspected,  a  hitherto  unknown  com- 
bination of  zircon.  With  this  object  I  eoiployed  the  last  por- 
tion remaining  in  my  possession  of  a  specimen,  and  I  have 
discovered  that  this  pretended  earth  is  nothing  more  than  a 
phosphate  of  yttria  with  an  excess  of  the  base.  By  a  simple 
trial  with  the  blow-pipe,  I  was  able  to  discover  the  phospho- 
ric acid. 

M.  Adolph  Karl  de  Weisenfels  has  discovered  that  the  in- 
fusion of  one  part  of  white  mustard  in  eight  parts  of  water,  is 
an  excellent  reagent  to  discover  the  presence  of  alcalis,  to 
the  solutions  of  which  it  imparts  a  yellow  color.— -Trommc- 
dorjPs  .AT.  Journal. 

Waerme,  Light,  Cometenshweif,  Aberration  und  Mss- 

suRE  DER  Entfernungen  PER   Stkrne. Heat^  Lights  and 

Train  of  Comets^  Aberration^  and  Measure  of  Distances  of  Stars. 
By    J.    Schutz.   Stegermarkf  Zeitschrifij    p.  90* — The    au- 
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tfior  examines  the  hypotheses  whkh  explain  the  light  and 
heat  at  the  surface  of  the  earth,  the  cold  and  darkness  in 
the  higher  regions  of  the  air.  The  reflection  of  solar 
rajs  at  the  surface  of  the  earth,  in  his  opinion,  contributes 
but  little  to  the  increase  of  light  and  heat  in  low  situations ; 
he  appears, to  think  that  the  increase  is  still  less  owing  to  the 
internal  heat  of  the  earth.  Here  is  another  hypothesis :  ev- 
ery transparent  substance,  cut  into  the  shape  of  a  lens,  re- 
fracts the  solar  rays,  so  that  they  are  concentrated  behind 
the  substance.  The  atmosphere  forms  a  fluid  sphere  around 
the  earth,  and  performs  the  office  of  a  lens  for  each  point  of 
the  earth.  The  solar  rays  move  in  right  lines ;  the  farther 
they  may  be  from  the  focus,  the  more  they  diveree  from 
each  other;  they  become  rarefied,  feeble,  and  finally  lose 
their  eflfect*  If  they  fall  upon  the  convex  atmosphere 
of  our  globe,  they  are  refracted,  and  concentrated,  conform- 
ably to  the  laws  of  dioptrics,  and  the  farther  they  penetrate 
into  the  atmosphere,  the  more  are  they  refracted.  Thus  we 
may  account  for  the  fact,  that  there  is  a  greater  degree 
of  light  and  heat  in  low  situation's,  whilst  it  is  always 
coM  and  dark  in  elevated  regions.  This  theory,  adds 
M.  Schutz,  explains  the  origin  of  the  trains  of  comets.  These 
bodies  hare  no  train  when  they  are  very  distant  from  the 
sun.  The  nearer  they  approach,  the  larger  is  the  train ; 
moreover  this  last  is  always  on  the  side  opposite  to  the  sun. 
Comets  are  round,  aqueous  bodies,  which  receive  the  light  of 
the  sun.  The  solar  rays  which  fall  upon  the  comet  must,  by 
the  laws  of  refraction,  become  concentrated  upon  the  opposite 

Eart  <^  this  transparent  sphere.  This  occasions  a  degree  of 
eait  which  reduces  the  water  to  steam.  Above  the  ether, 
which  may  extend  itself  to  a  great  distance  upon  our 
atmosphere,  there  must  be  a  space  devoid  of  air.  Never^ 
theless,  if  the  water  of  the  comet  is  converted  into  vapour  in 
this  space  devoid  of  air,  by  the  solar  rays,  concentrated  on 
one  side,  this  vapour  must  necessarily  move  with  great  rapid- 
ity, and  appear  to  us  in  the  form  of  a  train  receiving  the 
sun's  light  As  the  concentration  of  solar  rays  is  always  op- 
posite to  the  sun,  the  tail  of  the  comet,  which  always  appears 
CD/  the  side  opposite  to  that  body,  disappears  when  the 
comet  is  so  far  from  the  sun  that  the  solar  rays  are  rarefied 
to  such  a  degree,  that  they  lose  their  agency. 

Application  of  this  theory  to  aberration.  M.  Schutss  men- 
tions the  old  explanation  and  that  of  Ldchtenberg,  which  he 
endeavours  to  refute ;  then  he  adds,  according  to  the  preced- 
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ing  theory  of  light,  the  rays  are  made  to  converge  by  our  at- 
mosphere ;  a  star  must  be  seen  in  the  direction  these  rays  have, 
when  they  fall  upon  the  eyes.  An  object  seen  through  a  lens 
may  appear  out  of  its  actual  place ;  this  is  the  case  with 
the  stars,  from  the  effect  of  the  lens  of  air  through  which  wc 
see  them.  In  the  last  place,  says  the  author  in  concluding, 
this  convexity  of  the  atmosphere  renders  an  exact  estimation 
of  the  distances  and  magnitudes  of  the  heavenly  bodies  im- 
possible ;  for  after  the  rays  have  been  refracteo,  it  is  impos- 
sible to  have  the  real  distance  or  magnitude  of  any  object. 
It  is  unnecessary  that  we  should  add,  that  we  merely 
report  the  opinions  of  M.  Schutz,  without  adhering  to  them 
at  all. — Fernissac*s  Bulletin* 

Preparation  of  Pure  Paicwfc.— Mr  Donovan  proposes  the 
following  as  a  more  easy  method  of  obtaining  pure  potash 
than  the  methods  commonly  employed. 

The  crystallized  bicarbonate  of  potash  of  the  shops  is  to 
be  purified  by  dissolving  it  in  water  at  the  temperature  of 
100^.  The  saturated  solution  must  be  filtered  and  poured 
into  a  flat  dish,  and  placed  before  the  fire ;  in  a  few  hours  a 
crop  of  crystals  of  the  pure  bicarbonate  will  be  obtained. 
The  crystals  may  then  be  rinsed  with  a  very  small  quantity 
of  water,  and  dried  on  blotting  paper. 

The  crystals  are  now  to  be  dissolved  in  water,  and  boiled 
with  their  own  weight  of  hydrate  of  lime  for  16  minutes;  the 
solution  is  then  to  be  filtered  in  the  usual  manner.  We  have 
thus  at  once  a  solution  of  pure  potash,  without  the  additional 
trouble  of  evaporation  and  solution  in  alcohol ;  and  we  ob- 
viate the  reconversion  of  the  alkali  into  carbonate,  which  al- 
waj's  happens  during  the  evaporation  in  the  common  process, 
unless  the  tedious  and  troublesome  method  of  evaporating 
without  contact  of  the  atmosphere  be  adopted,  in  which  case 
silver  vessels  become  necessary. 

As  a  test  to  ascertain  whether  or  not  a  solution  of  potash 
be  perfectly  caustic,  chemists  make  use  of  a  dilute  acid ;  but 
this  method  gives  no  information  unless  the  acid  be  added  in 
excess.  A  small  quantity  will  only  displace  the  carbonic 
acid  from  one  portion  of  potash ;  but  the  remaining  portion 
will  unite  with  the  liberated  acid  so  as  to  prevent  any  ap- 
pearance of  effervescence.  Thus  an  alkali  that  is  in  fact 
partly  carbonated  will  not  be  affected  apparently  by  the  af- 
fusion of  a  small  quantity  of  a  test  acid. — Dublin  Philosoph- 
ical Journal. 
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Sem  Project  fore  Tran^rting  Apparohu. — ^Among  the  nu- 
merous projects  for  improving  the  methods  of  transportation, 
started  by  the  increased  interest  that  the  public  has  lately 
manifested  in  rail  roads,  an  invention  by  Mr  Vallance  of 
Brighton,  in  England,  deserves  notice,  for  its  strangeness,  if 
not  for  its  ingenuity.  It  has  been  called  in  some  journals  a 
mode  of  ^  travelling  in  vacuo."  The  apparatus  consists,  es* 
sentially,  of  an  air  tight  tunnel,  to  be  formed  from  one  town 
to  another,  about  1 1  feet  in  diameter ;  upon  the  inside  of  this 
a  rail  way  is  to  be  formed,  and  the  carriages  adapted  to  it  are 
to  be  furnished  with  a  plane,  which,  like  a  throtde  valve,  fills 
up  nearly  the  whole  cross  section  of  the  tunnel.  It  will  read- 
ily be  perceived,  that  on  partially  exhausting  the  air  at  the 
end  of  the  tunnel  towards  which  it  is  intended  the  carriage 
shall  move ;  the  pressure  of  the  air  from  the  opposite  end, 
acting  on  the  plane  fixed  to  the  carriage,  will  cause  it  to  ad* 
vance  with  a  velocity  corresponding  to  the  degree  to  which 
the  exhaustion  is  carried*  It  is  intended  to  produce  the  ex- 
haustion by  pumps  worked,  of  course,  by  the  steam  engine. 

Nature  of  Colour  in  Mineral  Productumt»-^A  correspondent 
in  the  Annals  of  Philosophy  was  led  to  doubt  of  the  constant 
necessity  of  any  specifically  colouring  ingredient  in  minerals, 
from  observing  that  crystallized  feldspar  exhibits  a  decided 
red  colour,  though  analysis  points  out  no  substance  to  which 
it  could  be  owing ;  and  also  from  observing  that  the  mineral, 
after  exposure  to  a  strong  heat,  has  the  colour  entirely  des- 
troyed, a  colourless  elass  being  obtained.  By  accident  he 
obtained  an  artificial  mixture  of  bodies,  which  exhibited  a 
property  of  this  kind,  becoming  coloured  by  particular  treat- 
ment, though  containing  nothing  to  which  that  colour  could 
be  particularly  referred*  Lime,  alumina,  silica,  soda,  and 
bcuracic  acid,  were  coarselv  mixed  together,  and  exposed  to 
a  strong  white  heat,  which  produced  a  semi-vitrifiea  mass  of 
a  pure  white ;  a  pordon  of  this  was  finely  ground,  and  after 
exposure  to  a  low  red  heat,  not  above  that  of  melting  silver, 
was  found,  with  surprise,  to  have  assumed  a  red  colour ;  which 
colour,  with  the  increase  of  heat,  entirely  disappeared,  and 
the  substance  assumed,  at  last,  as  pure  a  white  as  it  possess- 
ed after  the  first  fusion.  A  lump  of  the  original  mass  under- 
went no  changes  of  colour  at  the  same  heat,  and  it  was  uni- 
formly fiound,  after  several  trials,  that  the  depth  of  the  colour 
depended  on  the  fineness  of  grinding.  Nitre  destroyed  the 
/Colour  in  the  fire. 

Boa.  Jour.  Oct.  1825.  13 
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Specimens  were  sent  to  the  editor,  according  to  whom  the 
pulverised  portion,  exposed  to  a  low  red  heat,  was  of  a  peach- 
olossom  colour ;  another  portion,  exposed  to  a  bieher  tempe- 
rature, pale  bluish  lilac ;  a  third  portion,  exposed  to  a  mod* 
erate  wnite  heat,  was  a  slightly  greenish  white  enamel ;  and 
a  fourth  portion,  mixed  and  heated  with  one  fifth  nitre,  was 
like  the  second  of  the  above. — Anru  Philos.  N.S.  IX.  432. 

MeAod  of  making  Transparent  Soap^-^Tdllovr  is  the  basis  of 
all  soaps  for  the  toilette,  known  unaer  the  name  of  Windsor, 
because  olive  oil  forms  a  paste  too  difficult  to  melt,  and  hav- 
ingan  odour  too  powerful  for  mixing  with  perfumes. 

Tallow-soap,  dissolved  with  heat  in  alcohol,  returns  to  its 
solid  state  on  cooling.  It  is  this  fact  which  has  led  to  the 
discovery  of  transparent  soap.  When  well  prepared,  this 
soap  should  have  the  appearance  of  fine  white  sugar-candy. 
It  may  also  be  coloured,  and  vegetable  colours  are,  for  this 
purpose,  preferable  to  minerals.  Anv  person  can  make  this 
soap  by  putting  into  a  thin  glass  phial  naif  a  brick  of  Windsor 
soap,  cut  smal^  fiUine  the  phial  half  full  of  alcohol,  and  plac- 
ing it  near  the  fire  tiU  the  soap  ts  dissolved.  This  mixture, 
put  to  cool  in  a  mould,  gives  tne  transparent  soap. — Archives 
des  Decauvertes  tt  des  Inventiont  Nouvelles. 

On  the  Emplowntni  offfu  Wood  and  Bark  of  the  ChestnuHree 
in  Dyeing  and  lannfn^.— »The  bark  of  the  chestnut-tree  con- 
tains twice  as  much  tanning  matter  as  oak-bark,  and  nearly 
twice  as  much  colouring  matter  as  logwood.  The  colouring 
substance  of  chestnut*bark  is  to  that  of  Campeachy  logwood 
exactly  as  1.857  to  1. 

Leather  prepared  with  this  substance  is  more  firm  and 
solid,  and  yet  more  supple.  This  bark  is  the  best  substance 
for  making  ink ;  mixed  with  iron,  it  becomes  a  bluish  black. 
The  liquor  drawn  from  this  bark  appears  blue  at  the  out- 
side, like  indigo ;  but  it  gives^  on  paper,  the  finest  black.  In 
dyeing  it  has  a  greater  affinity  for  wool  than  sumach  has,  and 
in  other  respects  it  difiers  but  little  from  sumach  and  gall- 
nuts.  The  colour  obtained  from  this  substance  is  unchange- 
able by  air  and  light.— -Md^rniofef  de  PIndustrie  JsTational. 

Condmsaiion  of  a  Mixture  of  Hydrogen  and  Oxygen  bypuhern- 
lent  Piatmum.— Doebereiner  has  ascertained  that  moist  as  well 
as  dry  platinum  causes  the  mutual  condensation  of  these  gas- 
es.   Tne  effect  in  both  cases  is  equally  complete ;  the  only 
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difference  being  in  the  length  of  time  necessary  to  produce 
it. 

The  best  method  of  performing  the  experiment,  is  to  ignite 
at  the  bottom  of  a  elass  tube,  closed  by  fusion  at  one  extrem* 
ity,  a  quantity  of  the  double  ammonio-muriate  of  platinum, 
or  to  decompose  in  it  a  solution  of  platinum  b^  means  of  a 
rod  of  zinc.  In  either  case,  a  thin  nim  of  platmum  is  depos- 
ited upon  the  interior  of  the  tube,  and  adheres  with  consider- 
able firmness.  If  a  tube  thus  prepared  be  filled  with  a  mix- 
ture of  hydrogen  and  oxygen  for  atmospheric  air)  and  in- 
verted over  water,  the  whole  of  the  hydrogen  will  be  condens- 
ed into  water  in  the  course  of  a  few  hours.  A  similar  result 
is  obtained  by  placing  a  mass  of  spon^  platinum  well  soak- 
ed with  water  mto  a  receiver  fillea  with  the  mixture  of  the 
two  gases.  He  next  examined  what  would  be  the  effect  of 
moistening  the  platinum  with  other  liouids.  With  alcohol 
the  experiment  succeeded  equally  as  well  as  with  water ;  but 
not  the  slightest  condensation  took  place  when  the  spon^ 
metal  was  imbibed  with  acid,  or  with  liquid  ammonia*  He 
ascribes  these  differences  exclusively  to  the  gaseous  mixture 
being  absorbable  by  water  and  alcohol,  but  not  by  nitric 
acid  or  liquid  ammonia ;  in  the  former  case  only,  the  gases 
would  be  conveyed  into  immediate  contact  with  the  metal. 
Doebereiner  concludes  with  observing,  that  the  existence  of 
some  peculiar  and  independent  property  in  the  platinum  is 
more  decisively  evincea  by  the  present  experiment  than  by 
any  other  which  he  had  heretofore  made. 

These  experiments  suggested  an  easy  method  of  depurat- 
ing hydrogen  from  minute  traces  of  oxygen.  All  that  is  ne- 
cessary is  to  enclose  it  in  a  stoppered  phial,  a  portion  of  whose 
interior  has  been  coated  by  the  TO*ocess  just  described,  with 
a  thin  incrustation  of  platinum.  The  oxygen  will  by  degrees 
undergo  condensation. — Schtoeigger^s  Neues  Jomal  fur  ChemU 
und  Pkj/sik,  xii.  60. 

On  the  Means  of  testing  for  /odtne.— Notwithstanding  the 
delicacy  of  the  test  for  the  presence  of  iodine  afforded  by 
the  use  of  starch,  its  value  is  considerably  diminished  by  the 
facility  with  which  various  substances  interfere  with  its  action ; 
and  this  is  especially  the  case  when  any  of  those  bodies, 
which,  either  alone  or  with  water,  yield  hydrogen,  are  pres- 
ent ;  the  iodine  becomes  hydriodic  acid,  and  the  blue  colour 
either  disappears,  or  is  not  formed.  Sulphurous  acid  and 
sulphurettea  hydrogen,  substances  almost  constantly    pro- 
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duced  by  the  incineration  of  organized  bodies  which  contain 
earthy  or  alkaline  sulphates,  are  especially  capable  of  pro- 
ducing this  effect. 

Among  the  various  means  of  obviating  this  inconvenience 
is  the  U3e  of  chlorine,  and  during  his  experiments  on  the  pro« 
ducts  of  the  Mediterranean,  M.  Baland  has  been  led  to  apply 
it  in  the  following  manner : — after  having  mixed  the  li({uid 
containing  the  iodine  with  the  starch  and  the  sulphuric  acid, 
a  small  quantity  of  aqueous  solution  of  chlorine  is  to  be  added, 
which  from  its  lightness  may  be  made  not  to  mix  with  the  mix* 
ture,  but  float  on  the  surface ;  at  the  place,  however,  where 
they  touch,  a  blue  zone  will  be  developed  where  the  two  so* 
lutions  are  in  contact,  but  if  the  whole  be  mixed,  it  will  en* 
tirely  disappear,  if  the  chlorine  be  in  excess. 

By  means  of  this  test  thus  applied,  M.  Baland  has  found 
iodine  where  it  could  not  before  be  observed,  as  in  the  vari* 
ous  marine  molluscs,  testaceous  or  not,  such  as  the  ctorts,  vf 
nusj  oysters^  &c.  many  polypi  and  marine  vegetables,  the 
gorgonia^  the  zostera  marina^  &c.  and  especially  in  the  moth- 
er water  of  the  salt  pans  fed  by  the  Mediterranean.  The 
small  Quantity  of  iodine  which  is  found  in  sea  water,  he  be* 
lieves,  trom  the  mode  of  action  of  the  test,  to  exist  as  a  hydrir 
odate. 

M.  Baland  expresses  his  conviction  that  a  process  of  this 
kind  will  save  chemists  the  trouble  of  many  fruitless  triah, 
and  lead  to  decided  and  positive  results,  where  otherwise 
none  would  be  obtained. — Ann.  de  Chime* 

Anthracite  of  Pennsylvanuu — Mr  .Maclure.  in  a  letter  to 
Prof.  Silliman,  remarks,  that,  this  immense  formation  of  an* 
thracite  will  render  this  state  the  most  productive  in  the  un* 
ion ;  for  as  soon  as  they  can  contrive  a  good  mode  of  smelt- 
ing iron  ore  with  the  anthracite,  this  will  become  one  of  the 
greatest  iron  countries  on  the  globe,  because,  having  so  much 
line  magnetic  iron  ore,  and  the  natural  state  of  the  combusti- 
ble rendering  it  capable  of  producing  a  very  strong  heat, 
without  any  preparation  of  coaking  or  (being)  adulterated 
with  any  mixture  injurious  to  the  making  of  iron ;  these  cir- 
cumstances constitute  so  many  advantages  as  are  scarcely  to 
be  met  with  in  any  one  locality  as  yet  Known.  The  benefit 
that  will  arise  to  the  nation  from  a  [H'oper  method  of  smelt* 
ing  iron  with  anthracite,  is  such  an  object  as  to  interest  the 
ingenuity  of  all  classes.  For  the  purpose  of  experiment,  it 
is  necessary  to  procure  a  furnace  on  a  small  scale,  as  the 
high  furance  is  too  expensive.     The  fault  complained  of 
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being  that  the  mass  freezes,  or  does  net  retain  its  fluidity 
sufficiently,  perhaps  from  the  blast  being  too  weak,  or  too 
cold  or  not  sufficiently  disseminated  through  the  mass ;  owing, 
perhaps,  to  the  want  of  the  proper  proportions  of  ore,  coal, 
and  flux;  the  form  of  the  furnace  used  for  charcoal  may  not 
be  fit  for  a  much  greater  heat,  &c.  in  short,  it  may  be  ne- 
cessary to  try  all  proportions  of  blast,  fuel,  ore,  and  flux,  with 
all  forms  and  dimensions  of  furnace.-^^mer.  Jour.  No.  21. 

Comet  of  1 82d. — We  are  indebted  to  R.  T.  Paine,  Esq, 
for  the  following  account  of  the  late  comet* 

^  When  I  first  saw  the  comet,  it  was  in  the  constellation 
Taurus,  and  so  near  the  Hyades,  that  its  tail  swept  over 
them.  In  its  path  it  passed  from  Taurus  into  Cetus,  Erida- 
nus,  Cetus  again,  Fornax  Chemica,  Apparatus  Sculptoris  and 
Phcenix,  in  which  last  constellation  it  was  seen  for  the  last 
time,  on  Monday  evening,  Oct.  17th.  The  following  distan- 
ces it  is  hoped  may  be  of  some  small  use  for  the  purpose  of 
comparison,  or  perhaps  they  may  be  employed  in  connec- 
tion with  other  observations* 


Distance  of  the  coiret  firom  (at  lOh.  30m.  P. 

.  M.) 

Oct.  5th.      Oct.  6tb.      Oct.  7th. 

Oct.  12th. 

Oct  leui. 

ft  piscis  au8.              66*  03'     48«>  17'     45<>  23' 

31^  18' 

2P  56' 

aAodrom.                 51    32      57   02      57   41 

?.  Ceti 

14    45 

19    41 

A.  R.                          36    15      34   01      31    46 

17    45 

6    30 

N.  P.  D.                  106   47    108   46    111    10 

120   30 

128    00 

Cele$Hal  Phenomena  for  Jfovember  and  December^   ]B25^  for 
Cambridge,  in  latitude  42°  23'  28'^  JV.  long.  71^  7'  25''  fV. 

Mean  time*  (Communicated  by  R.  T.  Paine,  Esq.) 

D.  H.     M.     & 

Nov.    2  1     33     15    M.  Im.  1st  Sat.  u* 

—  3  1     18    08    A.  6    ])  2  a  2^* 

—  3  0       8     28     A.  6    })  1  a  2^. 

—  9  2    32    46    M.  Em.  3d.  Sat.  u. 

—  9  3     26    48    M.  Im.  1st.  Sat.  y. 

—  12  0     45    30    M.  Im.  2d.  Sat.  'U. 

—  16  2      7    46    M.  Em.  4th.  Sat.  V. 
.*-    16  3       2    41     M.  Im.  3d*  Sau  U  • 
<—    16  5    20     16    M.  Im.  Ist.  Sat.  4* 

—  19  3     18     53    M.  Im.  2d.  Sat.  U  • 

—  22  8     18    08    M.  O  enters  /• 

—  24  ^     17     16    U.  6   y  S  <r. 
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D. 

H. 

Bl 

S. 

Nov. 

35 

1 

42 

05 

M.  Im.  1st.  Sat.  U* 

— 

25 

D  eclipsed  invisible. 

-— 

26 

5 

52 

21 

M.  Jm.  2d.  Sat.  u* 

— — 

26 

Occultation  of  h  by  D . 

— 

4( 

7 

8 

55 

A.  -5  in  Eliptic. 

— 

U 

5 

46 

18 

A.  Im.  of  h  W.  Limb,  13',  2  S 
of  . ',  C. 

_ 

tt 

5 

41 

35 

A.  Im.  of  h  E.  Limb. 

— 

U 

6 

9 

51 

A.  Em.  of  h  W.  Limb  13',  5  S 
of  ]>  C. 

.— 

(( 

6 

11 

08 

A.  Em.  of  h  E.  Limb. 

-— 

27 

11 

19 

14 

A.  6  a  V.  n- 

D. 

H. 

M. 

s. 

Dec. 

2 

3 

35 

27 

M.  Im.  1st.  Sat.  u* 

-»• 

8 

10 

35 

40 

M.  6   5  d  ftt. 

.— 

9 

5 

28 

47 

M.  Im.  1st.  Sat.  if.. 

— 

9 

©  eclipsed,  partly  visible. 

_ 

9 

3 

42 

40,1  A.  ^  of  o  and  ])   in  ecliptic. 

— 

9 

3 

52 

58,2  A  eclipse  begins. 

— 

9 

4 

22 

20 

A.  ro  sets  eclipsed. 

_ 

10 

11 

57 

05 

A.  Im.  Sat.  U. 

-^ 

14 

0 

16 

41 

M.  Im.  2d.  Sat.  4. 

— 

18 

1 

50 

23 

M.  Im.  1st.  Sat.  u* 

—- 

21 

2 

50 

41 

M.  Im.  2d.  Sat.  u .  . 

— 

21 

9 

01 

A.  0  ent.  V)  winter  begins. 

— 

22 

11 

57 

32 

A.  6    ji  X  ^9  a  near  approach. 

— 

£2 

2 

16 

13 

M.  Em.  3d.  Sat.  y, . 

— 

23 

4 

46 

37 

A.  6    })  ^  8. 

— 

23 

10 

17 

A.  4    3)   h. 

_ 

25 

3 

43 

41 

M.  Im.  Ist.  Sat.  V. 

— 

25 

6 

17 

36 

M.  4    J  V  u. 

—^ 

27 

11 

37 

02 

A.   k    1>    I  CC  qs. 

— . 

27 

11 

54 

04 

A.Im.of  Acubens  1 4',5  )  s.of  D ' 
M.  Em.  of    do.    12,75  centre. 

..li. 

28 

0 

32 

49 

—«. 

28 

5 

24 

48 

M,  Im.  2d.  Sat.  21  • 

.— 

29 

2 

48 

58 

M.  Im.  3d.  Sat.  4 . 

— «. 

29 

6 

13 

30 

M.  Em.  3d.  Sat.  u  • 

{To  be  continued.) 

*Tb«  moon  will  first  tooch  the  sun  165^  I'  from  tbe  highest  point  of  his  disc 
at  sunset ;  4^  61'  will  be  eclipsed.  At  New  Orieans  9^  2&  will  be  eclipsed,  at  St 
Augustine  10°  62'  on  the  south,  and  at  cape  Florida  1 1°  32  on  the  north  limb. 
The  path  of  the  central  and  total  eclipse  will  strike  the  United  States,  near  cape 
Roman  on'the  western,  and  will  leave  them  near  c^pe  Kast,  on  the  eastern 
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AdditioM  to  the  Cabinet  ofMineraU  at  Cambridge. 

LocaUtff*  PruaUed  by 


Pimelite 

Chrysoprase 

ActynoUte 

Zoisite 

ChiaBtolite 

Sienite,  beings  a  portion  of 
^<  Forefather's  Rock"  . 


New  Fane 


Lancaster 
>  Pljmonth 


Gen.  Field. 

Mr  F.  Plommer. 
Mr  Spooner. 


Cbioropheite Tomer's  Falls,  Gill    Mr  Hitchcock. 


Fossil  oyster 

Peruvian  Minerals     .    •    . 

Lepidolite 

Beirls 

RocKciystals 

Red  and  Green  Toarmaline 
ActynoUte    ..•••. 

Mica •     . 

Cleayelandite 

Psendomorphous  steatite 

Rose  Quartz,  frc 

Scapolite 

Spinel 

Fyrallolite 

Petalite,  ftc      •    •    •    .    . 
Beryls  in  Quaurtz    .    .    ..   . 

Green  Mica 

Tourmaline 

Rose  Quartz      •    •    •    •    . 
Graphic  Granite,  fto.      .    . 


1 


W.  Indies 
&  America 


1 


Miss  Langdon. 
Capt  Smith. 


Paris,  Maine 


J.  W.  Webster. 


Bolton  and 
'  Littleton  Mass. 


Topsham 

and 
Bowdoinham,  Me. 


Botanic  Garden^  Cambridge. 

A  list  of  the  rarer  and  native  plants  which  have  flowered  ia 
the  Botanic  Grarden  at  Cambridge  during  the  last  two 
months.     [Communicated  by  Mr  Nuttall.] 

Aster  noTse-angliae,  cyaneus,  undulatus,  cordifolius,  concolor,  carolinia- 
nus,  amygdalinus,  puniceos,  surcnlosos,  linanfolius,  graveolens,  multi- 
florus,  sibiricus,  chinensis. 

Amaiyllis  Belladonna,  falcata,  undulata,  stellaria. 

Acacia  pulchelia,  famesiana,  lophantha. 

Baocharis  halimifolia. 


side  of  East  Florida.  Tbia  will  be  the  last  eclipse  of  the  sun  that  will  be 
Tisible  at  Cambridge,  notil  the  remarkable  eclipse  of  February  12tb  1831, 
which  eclipse  will  be  annular  at  cape  Charles  in  the  state  of  Virginia,  at  the 
island  of  Nantucket  in  this  state,  and  at  Halifax,  in  the  province  of  Noira 
Scotia.  The  next  total  eclipse  of  the  sun  visible  In  the  United  states,  will 
happen  November  HOih  .  1834,  when  the  sun  will  be  totally  eclipsed  at  the 
cities  of  Charieston  and  Beaufort,  in  the  state  of  South  Carolina. 
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Campanula  pjramidalis. 

Casssuarina  equisetifolia. 

Chelone  campanulata. 

Cyclamen  coom. 

Chrysanthemum  indicmn,  (many  rarieties.) 

Dahlia  pinnata,  (many  varieties.) 

Diosma  ciliaris. 

Dracocephalam  pereg^nnm,  yirig^icimi,  denticulatam*  moldaricuo. 

Erica  Plukenetii,  triceps,  tenella,  hirta,  sptcaU,  mammosa,  transpareiu. 

Epacris  juniperina.  ^ 

Euphorbia  neapolitana,  meloformit* 

Erio([^num  ionf^folium. 

Globba  marantina. 

Hedychium  coccineum,  maximum,  flarvm,  longifolium,  tbyrBiM>niie»  fa»- 

tigiaturo,  ^rdenerianum. 
Hibiscus  syriaciis,  viiginicus,  palustris,  moscheutos. 
Helenium  autumnale. 
Hioseris  radiata. 
iLiig^usticam  scoticum. 

Melastoma,  (from  Nepal.) 

Mespilus  japonica. 

MimuiuB  luteua. 

Monarda  punctata. 

Nepeta  nepetelia,  au^ustifolia,  iacana* 

Olea  fragrans,  capensis. 

Oxalia  versicolor,  rubella,  rosacea. 

(Enothera  sermlata. 

Pelargonium  acetosum,  peltatiun* 

Phylica  ericoides. 

Phiomis  leonurus. 

Physalis  somnifera,  peruviana. 

Protea  mellifera. 

Royena  cuneata* 

Sesbania  macrocarpa. 

Silene  pendula. 

Solanum  sanctum,  fontanesianmn. 

SoUdago  angustifoUa,  puberula,  ocabn,  litiwimi;  odora,  nemoralis,  lali- 
ceolata,  bicolor,  ccsia,  maritima. 

Thea  Bohea,  viridis. 

Veronica  australis. 

Vitex  ag^us  castus. 

Volkameria  fragrans. 

Tucca  gloriosa. 

Zimenesia  encelioides. 

Zinziber  chyrysanthum. 


ERRATA. 

Vol.  2w  p.  609,  ninth  line  from  top,  for  S.89  read  8^ 
«       "     twentieth  line,  for  jiZifl*[«rcad/ria6(c. 
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Art.   X.^^Biographical  Account  of  M.    It  Comte  Legrange. 
By  M.  le  Chevalier  Delambre.  [Ann.  P/itfos.] 

Joseph-Louis  Lagrange,  one  of  the  founders  of  the  Acad** 
«my  of  Turin,  Director  during  20  years  of  the  Berlin  Acad* 
eray  for  the  Physico-Mathematical  Sciences,  Foreign  Asso* 
ciate  of  the  Academy  of  Sciences  of  Paris,  Member  of  the 
Imperial  Institute  and  of  the  Board  of  Longitude,  Senator  and 
Comte  of  the  Empire,  Grand  Officer  of  the  Legion  of  Honour, 
Grand  Cross  of  the  Imperial  Order  of  Re-union,  was  born  at 
Turin,  on  the  25th  of  November,  1 736.  He  was  the  son  of 
Joseph-Louis  Lagrange,  Treasurer  of  War,  and  of  Marie- 
Therese  Gros,oniy  daughter  of  a  rich  physician  of  Cambiano. 

His  great-grandfather,  a  captain  of  horse  in  the  service  of 
France,  had  gone  over  to  that  of  Emanuel  II.  King  of  Sardi- 
nia, who  established  him  at  Turin  by  marrying  him  to  a 
lady  of  Conti,  of  an  illustrious  Roman  family.  He  was  origt- 
nally  a  Parisian,  and  a  relation  of  Marie-Louise,  dressing 
maid  to  the  mother  of  Louis  XIV*,  and  afterwards  wife  of 
Francis  Gaston  de  Bethune. 

These  details  are  of  no  importance  for  the  illustrious  rnath^ 
ematician,  whose  reputation  renders  his  genealogy  of  no  con- 
sequence to  him ;  but  they  are  not  indifferent  to  France,  who 
eagerly  recalled  him,  and  restored  him  to  his  ancient  rights. 
His  name,  and  that  of  his  mother,  show  that  he  was  of  French 
extraction.  All  his  works  were  written  in  French.  The 
city  in  which  he  was  born  has  become  a  part  of  the  French 
empire.  France  therefore  has  indisputably  the  right  of 
boasting  of  one  of  the  greatest  geniuses  that  have  done  honor 
to  the  sciences. 

His  father  was  rich,  and  had  made  an  advantageous  mar* 
riage ;  but  w^as  ruined  by  hazardous  undertakings.  Let  us  not 
however  lament  the  situatioaof  M.  Lagrange.  He  himself  view- 
ed it  as  the  first  cause  of  all  the  good  fortune  that  afterwards 
befell  him.  *^  Had  I  been  in  possession  of  a  fortune,"  said 
he,  "  I  should  not  probably  have  studied  mathematics."  In 
what  other  situation  would  he  have  found  advantages  that 
could  enter  into  comparison  with  those  of  a  tranquil  and  stu- 
dious life,  with  that  splendid  series  of  discoveries  in  a  branch 
of  science  considered  as  the  most  difficult,  and  with  that  per- 
sonal respectability  which  was  continually  increasing  to  the 
very  last  period  of  his  life. 

His  taste  for  mathematics  did  not  dppear  at  first.     He  was 

Bost.  Jour.  J^ov.  i"  Dec.  1 826.  14 
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passionately  devoted  to  Cicero  and  Virgil,  before  he  could 
read  Archimedes  and  Newton.  He  then  became  an  entha* 
siastic  admirer  of  the  geometry  of  the  ancients,  which  he 
preferred  to  the  modern  analysis.  A  memoir  which  the  cel- 
ebrated Halley  had  composed  long  before,  to  demonstrate 
the  superiority  of  the  analytic  method,  had  the  glory  of  con- 
verting him,  and  teaching  him  his  true  destiny.  He  devoted 
himself  to  this  new  study  with  the  same  success  that  he  had 
had  iq  the  synthesis,  and  which  was  so  decided  that  at  the 
age  of  16  he  was  Professor  of  Mathematics  in  the  Royal 
Military  School.  The  extreme  youth  of  a  Professor  is  a 
great  aa vantage  to  him  when  he  has  shown  extraordinary 
abilities  and  when  his  pupils  are  no  longer  children.  All  the 
pupils  of  M.  Lagrange  were  older  than  himself,  and  were 
not  the  less  attentive  to  his  lectures  on  that  account.  He 
distinguished  some  of  them  whom  he  made  his  friends. 

From  this  association  sprung  the  Academy  of  Turin, 
which  in  1759  published  a  first  volume,  entitled  Acts  of  a 
private  Society.  We  see  there  the  young  Lagrange  direct- 
ing the  philosophical  researches  of  the  physician  Cigna,  and 
the  labours  of  the  Chevalier  de  Sahices.  He  furnished  to 
Poncenex  the  analytical  part  of  his  memoirs,  leaving  to  him 
the  task  of  developing  the  reasoning  upon  which  the  formulas 
depended.  In  these  memoirs,  which  do  not  bear,  his  name, 
we  observe  that  purely  analytical  method,  which  afterwards 
characterized  his  great  productions.  He  had  found  a  new 
theory  of  the  lever.  It  constitutes  the  third  part  of  a  me- 
moir, which  was. very  successful.  Poncenex,  in  recompense, 
was  placed  at  the  head  of  the  Marine,  which  the  king  of  Sar- 
dinia formed  at  that  time.  The  two  first  parts  have  the 
same  style  and  seem  written  by  the  same  person*  Do  they 
likewise  belong  to  Lagrange?  He  never  expressly  laid 
claim  to  themj  but  what  may  give  us  some  light  into 
the  real  author,  is  that  Poncenex  soon  ceased  to  enrich 
the  volumes  of  the  new  Academy,  and  that  Montucla,  igno- 
rant of  what  Lagrange  revealed  to  us  during  the  latter  part 
of  his  life,  is  astonished  that  Poncenex  interrupted  those  re- 
searches which  might  have  giv«^n  him  a  great  reputation. 

M.  Lagrange,  while  he  abandoned  to  his  friend  insulated 
theorems,  published  at  the  same  time,  under  his  own  name, 
theorif'8  which  he  promised  to  developc  further.  Thus  after 
having  given  new  formulas  of  the  maximum  and  minimum  in 
all  cases,  after  having  shown  the  insufficiency  of  the  known 
methods,  he  announces  that  he  will  treat  this  subject,  which 
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be  considered  as  important,  in  a  work  which  he  was  prepar- 
ing, in  which  would  be  deduced  from  the  same  principles  all 
the  mechanical  properties  of  bodies,  whether  solid  or  fluid* 
Thus  at  the  age  of  23  he  had  laid  the  foundation  of  the  great 
works,  which  constitute  the  admiration  of  philosophers. 

In  the  same  volume  he  reduces  under  the  differential  cal- 
culus the  theory  of  recurrent  series  and  the  doctrine  of  chan- 
ces ;  which  before  that  time  had  only  been  treated  by  indi- 
rect methods.  He  established  them  upon  more  natural  and 
general  principles. 

Newton  had  undertaken  to  submit  the  motions  of  fluids  to 
calculation.  He  had  made  researches  on  the  propagation  of 
sound  ;  but  his  principles  were  insuflicient  and  even  faulty, 
and  bis  suppositions  inconsistent  with  each  other.  Lagrange 
demonstrates  this.  He  founds  his  new  researches  on  the 
known  laws  of  dynamics,  and  by  considering  only  in  the  air 
tHe  particles  which  are  in  a  straight  line,  be  reduces  the 
problem  to  that  of  vibrating  cords,  respecting  which  the 
greatest  mathematicians  differed  in  opinion.  He  shows  that 
their  calculations  are  insuflicient  to  decide  the  question*  He 
undertakes  a  general  solution  by  an  analysis  equally  new 
and  interesting,  which  enables  him  to  resolve  at  once  an  in- 
definite number  of  equations,  and  which  embraces  even  dis- 
continued functions*  He  establishes  on  more  solid  grounds 
the  theory  of  the  mixture  of  simple  and  regular  vibrations  of 
Daniel  Bernoulli.  He  shows  the  limits  within  which  this 
theory  is  exact,  and  beyond  which  it  becomes  faulty.  Then 
he  comes  to  the  construction  given  by  Euler,  a  construction 
true  in  itself,  although  its  first  author  had  arrived  at  it  by 
calculations  which  were  not  quite  rigorous.  He  answers  the 
objections  of  D'Alemhert.  He  demonstrates  that  whatever 
figure  is  given  to  the  cord,  the  duration  of  the  oscillations  is 
always  the  same ;  a  truth  derived  from  experiment  which 
D'Alemh^rt  considered  as  very  difficult  if  not  impossible 
to  demonstrate.  He  passes  to  the  propagation  of  sound, 
treats  of  simple  and  compound  echos,  of  the  mixture  of 
sounds,  of  the  possibility  of  their  spreading  in  the  same  space 
without  interfering  with  each  other.  He  demonstrates  rig- 
orously the  generation  of  harmonious  sounds.  Finally,  he 
announces  that  his  intention  is  to  destroy  the  prejudices  of 
those  who  still  doubt  whether  the  mathematics  can  ever 
throw  a  real  tight  upon  physics. 

We  have  given  this  long  account  of  that  memoir,  because 
it  is  the  first  by  which  M.  Lagrange  became  known.     If  the 
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analytical  reasoning  in  it  be  of  the  most  transcendent  kin^I, 
the  object  at  least  has  something  sensible*  He  recalls  name» 
and  facts  which  are  well  known  to  most  people.  What  is 
surprising  is,  that  such  a  first  essay  should  be  the  production 
of  a  young  man,  who  took  possession  of  a  subject  treated  by 
Newton,  Taylor,  Bernoulli,  D'Alembert,  and  Euler.  He  ap- 
pears all  at  once  in  the  midst  of  these  great  mathematicians 
as  their  equal,  as  a  judge,  who  in  order  to  put  an  end  to  a 
difficult  dispute,  points  out  how  far  each  of  them  is  in  the 
right,  and  how  far  they  have  deceived  themselves ;  deter- 
mmes  the  dispute  between  them,  corrects  their  errors,  and 
gives  them  the  true  solution,  which  they  had  perceived  with- 
out knowing  it  to  be  so. 

Euler  saw  the  merit  of  the  new  method,  and  took  it  for 
the  object  of  his  profoundest  meditations.  D'Alembert  did 
not  yield  the  point  in  dispute.  In  his  private  letters,  as  well 
as  in  his  printed  memoirs,  he  proposed  numerous  objections, 
to  which  Lagrange  afterwards  answered.  But  these  objec- 
tions may  give  rise  to  this  question  :  How  comes  it  that,  in 
a  science  in  which  every  one  admits  the  merit  of  exactness, 
geniuses  of  the  first  order  take  different  sides,  and  continue 
to  dispute  for  a  long  time?  The  reason  is,  that  in  problems 
of  this  kind,  the  solutions  of  which  cannot  be  subjected  to  the 
proof  of  experiment,  besides  the  part  of  the  calculation  which 
IS  subjected  to  rigorous  laws,  and  respecting  which  it  is  not 
possible  to  entertain  two  opinions,  there  is  always  a  meta- 
physical part  which  leaves  doubt  and  obscurity.  It  is  be- 
cause in  the  calculations  themselves  mathematicians  are  often 
content  with  pointing  out  the  way  in  which  the  demonstra- 
tion may  be  made ;  they  suppress  the  developements  which 
are  not  always  so  superfluous  as  they  think.  The  care  of 
filling  up  these  blanks  would  require  a  labour  which  the  au- 
thor alone  would  have  the  courage  to  accomplish.  Even  he 
himself,  drawn  on  by  his  subject  and  by  the  habits  which 
he  has  acquired,  allows  himself  to  leap  over  the  intermediate 
ideas.  He  divines  his  definite  equation,  instead  of  arriving 
at  it  step  by  step  with  an  attention  that  would  prevent  e\ery 
mistake.  Hence  it  happens  that  more  timid  calculators 
sometimes  point  out  mistakes  in  the  calculations  of  an  Euler,  a 
D'Alembert,  a  Lagrange.  Hence  it  happens  that  men  of  very 
great  genius  do  not  at  first  agree,  from  not  having  studied 
each  other  with  sufficient  attention  to  understand  each  other's 
meaning. 

The  first  answer  of  Euler  was  to  make  Lagrange  an  asso- 
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ciate  of  the  Berlin  Academy.  When  he  announced  to  him 
this  nomination  on  the  20th  of  October,  1 759,  he  said,  ^  Your 
solution  of  the  problem  of  isoperimetres  leaves  nothing  to 
desire  ;  and  I  am  happy  that  this  subject,  with  which  1  was 
almost  alone  occupied  since  the  first  attempts,  has  been  car- 
ried  by  you  to  the  highest  degree  of  perfection.  The  impor- 
tance of  the  matter  has  induced  me  to  draw  up,  with  your 
assistance,  an  analytical  solution  of  it.  But  I  shall  not  pub- 
lish it,  till  you  yourself  have  published  the  sequel  of  your 
researches,  that  J  may  not  deprive  you  of  any  part  of  the 
glory  which  is  your  due." 

If  these  delicate  proceedings  and  the  testimonies  of  the 
highest  esteem  were  very  flattering  to  a  young  man  ,of  24 
years  of  age,  they  do  no  less  honour  to  the  great  man,  who 
at  that  time  swayed  the  sceptre  of  mathematics,  and  who 
thus  accurately  estimated  the  merit  of  a  work  that  announc- 
ed to  him  a  successor. 

But  these  praises  are  to  be  found  in  a  letter.  It  may  be 
supposed  that  the  great  and  good  Euler  has  indulged  in  some 
of  those  exaggerations  which  the  epistolary  style  permits. 
Liet  us  see  then  how  he  has  expressed  himself  in  the  disser- 
tation which  his  letter  announced.     It  begins  as  follows : 

^  After  having  fatigued  myself  for  a  long  time  and  to  no 
purpose  in  endeavouring  to  find  this  integral,  what  was  my 
astonishment  when  I  learnt  that  in  the  Turin  Memoirs  the 
problem  was  vsolved  with  as  much  facility  as  felicity.  This 
fine  discovery  produced  in  me  so  much  the  more  admiration, 
as  it  is  Very  different  from  the  methods  which  I  have  given, 
and  far  surpasses  them  all  in  simplicity."  . 

It  is  thus  that  Euler  begins  the  memoir  in  which  he  ex- 
plains with  bis  usual  clearness  the  foundation  of  the  method 
of  his  young  rival,  and  the  theory  of  the  new  calculus,  which 
he  called  the  calculus  of  variations^ 

To  make  the  motives  of  this  admiration  which  Euler  be- 
stowed with  so  much  frankness  better  understood,  it  will  not 
be  useless  to  go  back  to  the  origin  of  the  researches  of  La- 
CTange,  such  as  he  stated  them  himself  two  days  before  his 
death. 

The  first  attempts  to  determine  the  maximum  and  minimum 
in  all  indefinite  integral  formulas,  were  made  upon  the  occa- 
sion of  the  curve  of  swiftest  descent,  and  the  isoperimetres  of 
Bernoulli.  Euler  had  brought  them  to  a  general  method,  in 
an  original  work,  in  which  the  profoundest  knowledge  of  the 
calculus  'is  conspicuous.     But  however  ingenious  his  method 
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was,  it  had  not  all  the  simplicity  which  one  would  wish  to 
see  in  a  work  of  pure  analysis.  The  author  admitted  this 
bimsetf.  He  allowed  the  necessity  of  a  demonstration  inde- 
pendent of  geometry.  He  ap|)eared  to  doubt  the  resources 
of  analysis,  and  terminated  his  work  by  saying, "  If  my  prin- 
ciple be  not  sufficiently  demonstrated,  yet  as  it  is  conformable 
to  truth,  1  have  no  doubt  that  by  means  of  a  rigid  metaphys- 
ical explanation  it  may  be  put  in  the  clearest  light,  and  I 
leave  that  task  to  the  metaphysicians." 

This  appeal,  to  which  the  metaphysicians  paid  no  atten- 
tion, was  listened  to  by  Lagrange,  and  excited  his  emulation* 
In  a  short  time  the  young  man  found  the  solution  of  which 
Euler  had  despaired.  He  found  it  hy  analysis.  And  in  giv- 
ing an  account  of  the  way  in  which  he  had  been  led  to  that 
discovery,  he  said  expressly,  and  as  it  were  in  answer 
to  Euler's  doubt,  that  he  regarded  it  not  as  a  metaphys- 
ical principle,  but  as  a  necessary  result  of  the  laws  of  me- 
chanics, as  a  simple  corollary  from  a  more  general  law, 
which  he  afterwards  made  the  foundation  of  his  Mechanique 
Analytique.    (See  that  work,  page  189  of  the  first  edition.) 

This  noble  emulation  which  excited  him  to  triumph  over 
difficulties  considered  as  insurmountable,  and  to  rectify  or 
complete  theories  remaining  imperfect,  appears  to  have 
always  directed  M,  Lagrange  in  the  choice  of  his  sub- 
jects. 

D'Alcmbert  had  considered  it  as  impossibly  to  subject  to 
calculations  the  motions  of  a  fluid  inclosed  in  a  vessel,  unless 
this  vessel  had  a  certain  figure.  Lagrange  demonstrates  the 
contrary ;  except  ,in  the  case  when  the  fluid  divides  itself 
into  different  masses.  But  even  then  we  may  determine  the 
places  where  the  fluid  divides  itself  into  different  portions, 
and  determine  the  motion  of  each  as  if  it  were  alone. 

D'AIembert  had  thought  that  in  a  fluid  mass,  such  as  the 
earth  may  have  been  at  its  origin,  it  was  necessary  for  the 
different  beds  to  be  on  a  level.  Lagrange  shows  that  the 
equations  of  D'Alembert  are  themselves  equations  of  beds  on 
a  level. 

In  combating  D'Alembert  with  all  the  delicacy  due  to  a 
mathematician  of  his  rank,  he  often  employs  very  beautiful 
theorems,  for  which  he  was  ind«»bted  to  his  adversary. 
D^Alembert  on  his  side  added  to  the  researches  of  Lagrange. 
"  Your  problem  appeared  to  me  so  beautiful,"  says  he  in  a 
letter  to  Lagrange,  "  that  I  have  sought  for  another  solution 
of  it.     I  have  found  a  simpler  method  of  arriving  at  your 
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elegant  formula.^'  These  examples,  which  it  would  be  easy 
to  multiply,  prove  with  what  politeness  these  celebrated  rivals 
co^sponded,  who,  opposing  each  other  without  intermission, 
whether  conquerors  or  conquered,  constantly  found  in  their 
discussion  reasons  for  esteeming  each  other  more,  and  fur- 
nished to  their  antagonist  occasions  which  might  lead  them 
to  new  triumphs. 

The  Academy  of  Sciences  of  Paris  had  proposed,  as  the 
subject  of  a  prize,  the  theory  of  the  iibration  of  the  moon. 
That  is  to  say,  they  demanded  the  cause  why  the  moon,  in 
revolving  round  the  earth,  always  turns  the  same  face  to  it, 
some  variations  excepted,  observed  by  astronomers,  and  of 
which  Cassini  had  first  explained  the  mechanism*  The 
point  was  to  calculate  all  the  phenomena,  and  to  deduce  them 
from  the  principle  of  universal  gravitation.  Such  a  subject 
was  an  appeal  to  the  genius  of  Lagrange,  an  opportunity 
furnished  to  apply  his  analytical  principles  and  discove- 
ries. The  attempt  of  D'Alembert  was  not  disappoint- 
ed. The  memoir  of  Lagrange  is  one  of  his  finest  pieces. 
We  see  in  it  the  first  developement  of  his  ideas,  and  the  germ 
of  his  Mechanique  Analytique.  D'Alembert  wrote  to  him : 
"  I  have  read  with  as  much  pleasure  as  advantage  your 
excellent  paper  on  the  Libration,  so  worthy  of  the  prize 
which  it  obtained." 

This  success  encouraged  the  Academy  to  propose,  as  a 
prize,  the  theory  of  the  satellites  of  Jupiter.  Euler,  Clairaut, 
and  D'Alembert  had  employed  themselves  about  the  prob- 
lem of  threp  bodies  on  occasion  of  the  movements  of  the  moon. 
Bailly  thr  n  applied  the  theory  of  Clairaut  to  the  problem  of  the 
satellites,  and  it  had  led  him  to  very  interesting  results.  But 
this  theory  was  insufficient.  The  earth  has  only  one  moon 
while  Jupiter  has  four,  which  ought  continually  to  act  upon 
each  other  and  alter  their  positions  in  their  revolutions. 
The  problem  was  that  of  ^ix  bodies.  Lagrange  attacked  the 
diflSculty  and  overcame  it,  demonstrated  the  cause  of  the 
inequalities  observed  by  astronomers,  and  pointed  out  some 
others  too  feeble  to  be  ascertained  by  observations.  The 
shortness  of  the  time  allowed,  and  the  immensity  of  the  cal- 
culations, both  analytical  and  numerical,  did  not  permit  him 
to  exhaust  the  subject  entirely  in  a  first  memoir.  He  was 
sensible  of  this  himself,  and  promised  further  results,  which 
his  other  labours  always  prevented  him  from  giving.  Twen- 
ty-four years  after  M.  Laplace  took  up  that  diflScult  theory, 
and  made  important  discoveries  in  it^  which  completed  it  and 
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put  it  in  the  power  of  astronomers  to  banish  empiricism  from 
their  tables. 

About  tb§  same  time  a  problem  of  quite  a  different  ^nd 
drew  the  attention  of  M.  Lagrange.  Fermat,  one  of  the  great- 
est mathematiciaQS  of  his  time,  had  left  very  remarkable 
theorems  respecting  the  properties  of  numbers^  which  he 
probably  discovered  by  induction.  He  had  promised  the 
demonstrations  of  them  ;  but  at  his  death  no  trace  of  them 
could  be  found.  Whether  he  had  suppressed  them  as  insuf- 
ficient, or  from  some  other  cause,  cannot  now  be  ascertained. 
These  theorems  perhaps  may  appear  more  curious  than  use- 
ful. But  it  is  well  known  that  ditRcully  constitutes  a  strong  at- 
traction for  men,  especially  mathematicians.  Without  such 
a  motive  would  they  have  attached  so  much  importance  to  the 
problems  of  the  brachytochrone,  of  the  isoperimetres,  and  of 
the  orthogonal  trajectories?  Certainly  not.  They  wished  to 
create  the  science  of  calculation,  and  to  perfect  methods 
which  could  not  fail  some  day  of  finding  useful  applications. 
With  this  view  they  attached  themselves  to  the  first  question 
which  required  new  resources.  The  system  of  the  world 
discovered  by  Newton  was  a  most  fortunate  event  for  them. 
Never  could  the  transcendental  calculus  find  a  subject  jnore 
worthy  or  more  rich.  Whatever  progress  is  made  in  it,  the 
first  discoverer  will  always  retain  his  rank.  Accordingly, 
M.  Lagrange,  who  cites  him  often  as  the  greatest  genius  that 
ever  existed,  adds  also,  "  and  the  most  fortunate.  We  do 
not  find  every  day  a  system  of  the  world  to  establish."  It 
has  required  1.00  years  of  labours  and  discoveries  to  raise 
the  edifice  of  which  Newton  laid  the  foundation.  But  every 
thing  is  ascribed  to  him,  and  we  suppose  him  to  have  travers- 
ed the  whole  country  upon  which  he  merely  entered. 

Many  mathematicians  doubdess  employed  themselves  on 
the  theorems  of  Fermat ;  but  none  have  been  successful.  Eu- 
ler  alone  had  penetrated  into  that  difficult  road  in  wh^ch  M. 
Legendre  and  M.  Gauss  afterwards  signalized  themselves. 
M.  Lagrano;e  in  demonstrating  or  rectifying  some  opinions  of 
Euler,  resolved  a  problem  which  appears  to  be  the  key  of 
all  the  others ;  and  from  which  he  deduced  a  useful  result ; 
namely,  the  complete  resolution  of  equations  of  the  second 
degree,  with  two  indeterminates  which  must  be  whole  num- 
bers. 

This  memoir,  printed  like  the  preceding,  among  those  of 
the  Turin  Academy,  is  notwithstanding  dated  Berlin,  the  20th 
September,  1768.     This  date  points  out  to  us  one  of  the  few 
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events  which  render  the  life  of  Lagrange  not  entirely  a  de* 
tail  of  his  writings. 

His  stay  at  Turin  was  not  agreeable  to  him.  He  saw  no 
person  there  who  cultivated  the  mathematics  with  success* 
He  was  impatient  to  see  the  philosophers  of  Paris  with  whom 
he  corresponded.  M.  de  Caraccioii,  with  whom  he  lived  in 
the  greatest  intimacy,  was  appointed  ambassador  to  London, 
and  was  to  pass  through  Paris  on  his  way,  where  he  intend- 
ed to  spend  some  time.  He  proposed  this  journey  to  M.  La- 
grange, who  consented  to  it  with  joy,  and  who  was  received 
as  he  had  a  right  to  expect  by  D'Alembert,  Clairaut,  Con- 
dorcet,  Fontaine,  Nollet,  Marie,  and  the  other  philosophers'. 
Falling  dangerously  ill  after  a  dinner  in  the  Italian  style  giv- 
en him  by  Nollet,  he  was  not  able  to  accompany  his  friend 
to  London,  who  had  received  sudden  orders  to  repair  to  his 
post,  and  who  was  obliged  to  leave  him  in  a  furnished  lodg- 
ing under  the  care  of  a  confident  charged  to  provide  every 
thing. 

This  incident  changed  his  projects.  He  thought  only 
of  returning  to  Turin.  He  devoted  himself  to  the  mathemat- 
ics with  new  ardour,  when  he  understood  that  the  Academy 
of  fierh'n  was  threatened  with  the  loss  of  Euler,  who  thought 
of  returning  to  Petersburgh.  D'Alembert  speaks  of  this  pro- 
ject of  Euler,  in  a  letter  to  Voltaire,  dated  the  3d  of  March, 
1766:  "  1  shall  be  sorry  for  it,"  says  he,  "he  is  a  nian  by 
no  means  amusing,  but  a  very  great  mathematician."  It  wa& 
of  little  consequence  to  D^'Alembert  whether  this  man  hy  no 
means  amusing^  went  7  degrees  nearer  the  pole.  He  could 
read  the  works  of  the  great  mathematician  as  well  in  the 
Petersburgh  Memoirs  as  in  those  of  Berlin.  What  troubled 
D'Alembert  was  the  fear  of  seeing  himself  called  upon  to  fill 
his  place,  and  the  difficulty  of  giving  an  answer  to  offers 
which  he  was  determined  not  to  accept.  Frederick  in  fact 
ofiered  him  again  the  place  of  President  of  his  Academy, 
which  he  had  kept  in  reserve  for  him  ever  since  the  death  of 
Maupertuls.  D'Alembert  suggested  the  idea  of  putting  La- 
grange in  the  place  of  Euler,  and,  if  we  believe  the  author 
of  the  Secret  History  of  the  Court  of  Berlin,  (vol.  ii.  p.  414) 
Euler  had  already  pointed  out  Lagrange  as  the  only  man 
capable  of  filling  his  place.  In  fact  it  was  natural  that  Eu- 
ler, who  wished  to  obtain  permission  to  leave  Berlin,  and 
D'Alembert  who  wanted  a  pretext  not  to  go  there,  should 
both  of  them  without  any  communication,  have  cast  their 
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eyes  on  ihe  man  who  was  best  fitted  to  maintain  the  eclat 
which  the  labours  of  Euler  had,  thrown  round  the  Berlin 
Academy. 

Laejrange  was  pitched  upon.  He  received  a  pension  of 
1600  Prussian  crowns,  about  250/.,  with  the  rttle  of  Director 
of  the  Academy  for  the  Phj^sico  mathematical  Sciences.  We 
may  be  surprised  that  Euler  and  Lagrange,  put  successively 
in  the  place  of  Maupertius,  received  only  the  half  of  his  sal- 
ary, whi  h  the  king  offered  entire  to  D'Alcmbert.  The  rea- 
son is,  that  this  prince,  who  at  his  leisure  hours  cultivated 
poetry  and  the  arts,  had  no  idea  of  the  sciences,  though  he 
considered  himself  obliged  to  protect  them  as  a  king.  He 
had  very  little  respect  for  the  mathematics,  against  which 
he  wrote  three  pages  in  verse,  and  sent  them  to  D'Alembert 
himself,  who  deferred  writing  an  answer  till  the  termination 
of  the  siege  of  Schweidnitz  ;  because  he  thought  it  would  be 
too  much  to  have  both  Austria  and  the  mathematics  on  his 
hands  at  once.  Notwithstanding  the  prodigious  reputation  of 
Euler,  we  see,  from  the  king's  correspondence  with  Voltaire, 
that  he  gave  him  no  other  appellation  than  his  narrowminded 
geometer^  whose  ears  were  not  capable  of  feeling  the  delicacy  of 
poetry.  To  which  Voltaire  replies:  fVe  are  a  small  number 
of  adepts  who  know  one  anotfier  ;  the  rest  are  profane.  We  sec 
well  that  Voltaire  who  had  written  so  well  in  praise  of  New- 
ton, endeavours  in  this  place  to  flatter  Frederick.  He  enters 
out  of  complaisance  into  the  ideas  of  this  prince,  who  wished 
to  put  at  th^  head  of  his  academy,  a  man  who  had  at  least 
some  pretensions  to  literature.  Fearing  that  a  mathematician 
would  not  take  sufficient  interest  in  the  direction  of  literary 
labours;  and  thrit  a  man  of  literature  would  have  been  still 
worse  placed  at  the  head  of  a  society  composed  in  part  of 
philosophers  of  whose  language  he  was  ignprant;  on  that  ac- 
count he  divided  the  situation,  and  put  two  persons  in  it,  that 
it  might  be  completely  filled. 

[To  be  continued.!^ 
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Art.  XL — On  the  Mode  ofobtamincr  SUitinm^  and  on  the  Char- 
acters and  Properties  of  that  Substatiee.     By  M.  Berzelius. 

(Concluded  from  page  45.) 

Preparation  of  Silicium* 

The  combustion  of  potassium  in  siiicated  fluoric  gas  re- 
quires apparatus  which  we  have  not  always  at  hand.  The 
double  salts,  on  the  contrary,  which  fluoric  acid  forms  with 
silica  and  potash,  or  soda,  aflbrd  very  advantageous  means  of 
preparing  silicium.  I  did  not  observe  any  difference  in  the 
use  of  one  or  the  other  of  these  salts.  That  of  soda  has  how- 
ever the  advantage  of  containing  under  the  same  weight  and 
the  same  volume  a  greater  quantity  of  the  fluate  of  silica.  This 
salt  is  used  in  the  following  manner : — It  is  reduced  to  a  line 
powder ;  and  in  case  the  desiccation  has  made  its  panicles 
adhere,  and  also  to  expel  the  humidity  that  may  remain,  it  is 
exposed  to  a  temperature  as  high  as  it  can  bear  without  being 
decomposed,  that  is  to  say,  much  above  100^.  It  is  then  put 
by  layers  with  the  potassium  into  a  tube  of  glass  closed  at  one 
end,  which  is  placed  in  such  a  manner  as  that  all  the  mass 
may  be  heated  at  the  same  time.  We  may,  if  we  choose, 
melt  the  potassium  and  mix  it,  by  means  of  a  rod  of  iron,  with 
the  salt,  and  then  heat  the  mass  over  a  spirit-lamp.  Even 
before  a  red  heat,  the  silicium  is  reduced  with  a  slight  hissing 
and  a  feeble  appearance  of  heat.  No  gas  is  disengaged  when 
the  salt  has  been  well  dried.  The  mass  is  left  to  cool,  and 
then  treated  as  before  described.  It  ought  however  to  be 
dissolved  in  a  great  quantity  of  water;  so  that  the  liquid, 
which  becomes  alkaline  by  the  oxidation  of  the  potassium, 
may  be  as  diluted  as  possible,  and  have  less  tendency  to  oxi- 
date and  dissolve  the  silicium.  It  is  for  this  reason  that  the 
mass  ought  not  to  be  treated  with  hot  water, — that  the  liquid 
has  not  lost  its  alkaline  quality  by  the  washing.  Tt  is  after- 
wards boiled  with  water,  and  washed  with  hot  water  until  no 
slain  is  left  by  the  evaporation  of  a  drop  of  liquid.  For  this 
purpose  much  time  is  generally  requisite,  and  much  water 
must  be  used.  The  silicium  obtained  by  this  process  con- 
tains hydrogen ;  but  in  a  smaller  quantity,  however,  and  per- 
haps in  the  same  manner  as  the  common  charcoal  of  wood, 
which  Davy  considers  as  hydrogenated  carbon*  It  contains 
also  silica,  which  proceeds  principally  from  the  potassium 
before  the  reduction,  being  oxidated  a  little,  and  then  sepa* 
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rating  a  quantity  of  silica  corresponding  to  the  alkali  formed  f 
but  the  alkali  which  is  formed  after  the  reduction,  when  it 
dissolves  the  mass  in  the  water,  dissolves  a  portion  of  the 
double  salt  in  excess,  without  separating  the  silica  from  it* 
This  silica  ought  to  be  taken  away  by  means  of  fluoric  acid ; 
but  as  the  silicium  would  dissolve  in  the  acid,  we  must  begin 
by  rendering  it  insoluble  and  incombustible ;  if  it  were  made 
to  burn  in  air,  a  portion  of  incombustible  silicium  would  in- 
deed be  obtained  after  treatment  by  fluoric  acid ;  but  ordi- 
narily two  thirds  of  it  would  be  lost  by  the  combustion.  This 
loss  is  prevented  by  heating  nearly  to  ignition  the  dried  sili- 
cium containing  hydrogen  in  an  open  crucible ;  this  degree 
of  heat  is  maintained  soiue  time,  and  then  it  is  raised  little 
by  little  to  a  perfect  red  heat.  If  the  silicium  become  inflam- 
ed, the  crucible  should  be  covered  directly,  and  the  tempe- 
rature lowered,  which  will  instantly  stop  the  combustion. 
When  the  calcination  is  finished,  the  silicium  is  incombuslible 
in  air,  and  is  no  longer  attacked  by  fluoric  acid,  if  it  does 
not  contain  any  foreign  metal,  iron,  or  manganese  for  exam- 
ple ;  for  in  this  case  the  alloy  would'  be  entirely  dissolved 
with  disengagement  of  hydrogen.  After  treatment  by  the 
acid,  the  silicium  is  washed  and  dried.  It  might  be  thought 
th^t  this  incombustibility  is  caused  by  an  extremely  thin  pel- 
licle of  silica  ;  but  I  dried  the  silicium  in  a  vacuum,  and  then 
heated  it  to  redness  in  the  air,  and  I  did  not  And  any  change 
of  weight. 

The  silica  may  be  reduced  by  heating  it  with  potassium : 
but  it  happens  either  that  the  combination,  rich  in  potassium, 
becomes  entirely  dissolved  in  the  water;  or  else,  when  the 
heat  i^.sufficicnt  to  expel  the  excess  of  potassium,  that  the 
silicate  of  potash  formed  melts  into  a  vitreous  mass,  and  en- 
velops the  silicium,  which  thence  acquires  a  clearer  colour. 
Part  of  the  silicate  may  be  separated  by  means  of  water,  but 
the  remainder  can  only  be  removed  by  fluoric  acid.  The 
quantity  of  silicium  is  extremely  small ;  and  this  manner  of 
obtaining  it  merits  attention  only  because  it  gives  the  same 
result  as  the  double  salt  when  treated  with  potassium ;  which 
proves  that  the  evolution  of  hydrogen  that  takes  place  when 
the  mass  is  treated  by  water  is  owing  to  the  potasshim,  and 
not  to  the  combustible  radical  of  fluoric  acid.  It  is  by  the 
process  in  question  that  Davy  endeavoured  to  reduce  silica  ; 
and  he  obtained  with  the  mixed  silicate  of  potash  only  a  brown 
pulverulent  matter,  which  dissolved  in  the  water,  giving  it  a 
greenish-gray  colour.  I  observed  the  same  colour  in  the  so- 
lution ;  but  it  disappears  when  this  becomes  clear. 
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I  passed  silicated  fluoric  gas  through  a  red-hot  iron  tube 
filled  with  turnings  of  the  same  metal,  and  it  was  not  sensibly 
absorbed.  The  turnings  when  taken  out  were  of  a  nut-brown 
colour,  similar  to  thai  of  silicium,  and  had  the  taste  of  fluate 
of  iron,  in  the  places  where  the  heat  had  had  the  most  inten- 
sity. This  last  having  been  dissolved  by  water,  a  percepti- 
ble pellicle  of  silicium  was  left  on  the  surface  of  the  iron,  but 
so  thin  that  it  was  not  possible  to  separate  it.  We  sec  by 
this  experiment  that  iron  at  a  sufficiently  elevated  tempcni- 
ture  has  an  affinity  strong  enough  to  decompose  the  gas;  but 
that  the  decomposition  soon  ceases,  because  the  silicium 
which  is  deposited  at  the  surface  of  the  metal  prevents  its 
action.  By  fusing  in  a  covered  iron  vessel  a  mixture  of  very 
fine  iron  filings  with  fluate  of  silica  and  potash,  the  salt  was 
decomposed  and  converted  into  double  proto-lluate  of  iron 
and  potash ;  after  having  dissolved  it  in  warm  water,  a  com« 
bination  of  iron  and  of  silicium  was  left.  I  hoped  to  be  able 
to  separate  the  iron  by  means  of  an  acid ;  but  the  silicium 
became  oxidated  at  the  same  time,  although  I  employed  the 
liquid  siltcated  fluoric  acid.  In  drying  this  alloy  it  oxidated 
more  quickly  in  the  air  than  it  dried,  and  was  changed  into 
an  ochre  of  a  rusty  yellow  colour. 

Composition  of  Silica* 

Since  silicium  can  be  obtained  in  a  direct  manner,  it  was 
natural  to  endeavor  to  ascertain  its  oxidation  in  a  direct  man- 
ner. For  this  purpose  I  burnt  100  parts  of  pure  silicium, 
dried  in  a  vacuum,  by  heating  it  with  carbonate  of  soda.  The 
mass,  treated  by  muriatic  acid,  evaporated  to  dryness,  and 
strongly  heated,  was  dissolved  in  water,  and  left  some  silica 
coloured  gray  by  carbon,  which,  well  washed  and  ignited, 
became  snow-white,  and  weighed  203,75.  The  solution  ob- 
tained and  the  waters  of  the  washing  were  evaporated  afresh, 
and  the  saline  residuum  heated  to  redness.  Treating  this 
with  water,  it  still  gave  a  little  silica,  which,  after  the  addi- 
tion of  a  drop  of  ammonia,  took  at  the*  expiration  of  some 
hours  a  colour  inclining  to  a  yellowish-brown ;  when  heated 
to  redness  it  weighed  1,5;  it  had  lost  its  dark  colour,  but  it 
was  not  snow-white.  With  soda  it  gave  on  platinum  foil  a 
faint  but  evident  trace  of  manganese.  100  parts  of  silicium 
had  consequently  absorbed  105,25  of  oxygen,  and  produced 
205,25  of  silica.  The  experiment  was  repeated  on  a  portion 
of  silicium  on  which  fluoric  acid  had  been  evaporated,  in 
order  to  be  more  certain  that  all  the  silica  had  been  rcmov- 
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cd.  100  parts  of  silicium,  previously  calcined  to  redness  io 
the  ail*,  gave,  by  the  process  described  above,  207  of  silica  ; 
and  by  evaporation  of  the  waters,  1  part ;  or  in  all,  208  of 
silica. 

According  to  these  two  experiments,  silica  is  composed  of 
Silicium     •     .     .     48,72  to  48,08 
Oxygen     .     .     .     61,28  to  51,92 
They  both  give  a  greater  proportion  of  oxygen  than  that 
which  I  found,  according  to  the  capacity  of  saturation  of  sili- 
ca for  saline  bases,  and  which  is  only  50,3. 

But  if  we  return  to  the  analysis  of  the  salts  cootaining  flu- 
ate  of  silica,  we  shall  be  able  to  calculate  the  saiuratin|^  ca« 
pacity  of  silicium  according  to  the  results  which  we  have 
obtained  from  it. 

Of  all  these  double  salts,  that  of  barytes  is  the  most  suit- 
able. The  only  uncertainty  which  could  be  met  with  in  its 
analysis  arises  from  its  retaining  a  liitle  humidity  which  is 
not  disengaged  until  the  moment  of  its  decomposition.  But 
the  quantity  of  it  may  he  determined  by  melting  the  salt 
with  oxide  of  lead ;  for  the  acid  is  retained,  and  the  water 
only  disengaged.  100  parts  of  the  salt  lost  in  this  manner 
0,85  of  moisture.  100  parts  of  the  same  salt,  weighed  at  the 
same  lime,  gave,  according  to  the  process  described  for  the 
analysis  of  the  fluate  of  silica  and  barytes,  82,933  of  sulphate 
of  barytes,  representing  54,428  of  barytes.  But  accordmg 
to  the  analysis  already  known  of  the  double  fluate  of  silica 
and  barytes,  the  base  is  combined  with  three  times  more 
fluoric  acid  than  in  the  neutral  fluate.  It  thence  follows  that 
the  double  salt  is  formed  of 

Barytes 54,428 

Fluoric  acid  ....     22,C36 

Silica 21,886 

Moisture 0,850 


100,000 
The  54,428  parts' of  barytes  are  saturated  by  7,612  of 
fluoric  acid  ;  whence  it  follows  that  1 5,224  of  this  acid  were 
combined  with  21,886  of  silica,  or  that  1 00  of  acid  took 
143,76  of  silica.  The  fluate  of  silica  is  consequently  com- 
posed of 

Fluoric  acid    .     .     .     410,24         100,00 

Silica 589,76         143,76 

But  100  parts  of  fluoric  acid  corresponds  to  74,7194  of  ox- 
ygen in  each  base  that  it  saturates ;  consequently  this  quan- 
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tity  of  oxygen  ought  to  be  contained  in  the  143,76  of  silex 
which  the  acid  saturates,  and  the  composition  of  silica  should 
be 

Silicium      ....     48,025  "      100,00 
Oxygen      ....     51,975         108,22 
This  proportion  comes  very  near  to  that  obtained  by  syn- 
thesis, but  it  is  difficult  to  say  on  which  side  the  greatest 
errors  of  observadon  are  to  be  found.     According  to  what 
precedes,  the  weight  of  the  atom  of  silicium,  supposing  that 
the  silica  contains  three  atoms  of  oxygen,  would  be  277,2, 
and,  according  to  the  best  of  the  two  synthetic  experiments, 
277,8.     The  other  would  carry  it  to  285;  but  this  number 
by  all  appearance  is  too  great.     It  exceeds  by  If  percent 
that  which  had  been  adopted  at  first;  which  is  so  well  suited 
for  the  new  and  exact  analyses  of  minerals,  that  if  they  were 
calculated  according  to  the   determination  which  we  have 
jiii<t  given,  they  would  render  an  excess  of  silica  necessary, 
"but  1  must  remark  on  this  head,  that  a  mineral  is  rarely 
found  of  which  silica  does  not  form  an  essential  component, 
which  does  not  yet  contain  from  ^  to  2  per  cent  of  it,  and 
even  more,  either  in  the  state  of  quartz  or  in  that  of  another 
siliceous  mineral.      This  circumstance  must  take   place  so 
much  the  more  with  the  minerals  which  have  silica  for  one 
ol  their  elements ;  and  consequently  all  that  quantity  of  it 
which  is  lound  above  what  the  calculation  gives  should  be 
attributed  to  a  siliceous  mixture  existing  in  the  mineral. 
As  to  the  number  of  atoms  of  oxygen  contained  in  silica ; 
the  new  facts  do  not  furnish  us  with  the  means  of  determining 
this  \)oinU     The  circumstance  that  the  carburetted  silicium 
produces  when  burned  an  equal  weight  of  silica,  leads  us  to 
consider  it  as  a  quadricarburet,  which  by  burning  would.give 
an  oxide  at  three  atoms  of  oxygen ;  but  as  1  have  not  been 
able  to  isolate  the  carburet  of  silicium,  nor  to  burn  it  conv- 
pletely,  this  result,  although  obtained  in  several  experiments 
and  with  silicium  produced  by  different  operations,  has  not 
the  certitude  it  ought  to  have,  to  be  admitted  as  a  proof.     It 
oii^ht  notwithstanding  to  be  considered  as  affording  a  strong 
presumption  that  silica  contains  three  atoms  of  oxygen,  so  far 
as  our  knowledge  respecting  the  crj'stalline  form  of  bodies 
furnishes  us  with  the  means  of  deciding  on  the  number  of 
atoms  of  which  oxides  are  formed.     For  the  expression  of 
the  composition  of  the  silicates  by  formulae,  it  would  certain- 
ly be  more  simple  to  consider  silica  as  formed  of  an  atom  of 
silicium  and  an  atom  of  oxygen  ;  but  it  then  would  be  difli- 
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cult  to  conceive  the  existence  of  the  silicates  which  contain 
SIX  times  the  oxygen  of  the  base,  as  in  the  apophyllitc, — ^in 
which  an  atom  of  potash  would  then  be  combined  with  13 
atoms  of  silica. 

To  conclude :  It  still  remains  to  be  decided  to  what  class 
of  simple  bodies  silicium  belongs.  Since  it  has  no  lustre,  nor 
the  property  of  conducting  electricity  in  the  state  in  which  it 
has  hitherto  been  obtained,  it  is  evident  that  it  cannot  be 
classed  among  the  metals,  and  that  its  properties  bring  it  near 
to  boron  and  carbon.  Some  systematical  philosophers  will 
in  consequence,  doubtless,  give  it  the  name  of  silicon,  to  indi- 
cate by  its  termination  the  class  of  combustibles  to  which  it 
should  be  referred.  But  I  look  upon  this  denomination  as 
useless ;  for  there  is  not  any  true  limit  between  the  metals 
and  the  metalloids.  Carbon  possesses  the  metallic  lustre, 
and  conducts  electricity,  but  it  is  not  considered  as  a  metal ; 
and  if  silicium  could  be  melted,  it  then  perhaps  would  have 
these  properties,  which  it  does  not  possess  in  a  pulverulent 
state.  Uranium,  under  this  last  form,  can  be  distinguished 
but  with  difficulty  by  its  appearance  from  silicium ;  and 
when  crystallized,  on  the  contrary,  it  has  the  metallic  lustre 
and  is  transparent  on  the  thinnest  edges.  Columbium  and 
titanium  also  approach  silicium  by  their  chemical  properties ; 
and  would  it  not  be  well  to  separate  them  from  the  metals, 
in  order  to  unite  them  to  the  metalloids, — that  is  to  say,  to 
the  non-metallic  combustible  bodies  ?  I  only  wish  to  show, 
by  these  remarks,  that  there  is  no  natural  limit  between  thesie 
bodies  ;  and  that  when  their  electric  relation  only  is  consid- 
ered as  exact,  it  is  quite  indifferent  whether  we  piace  a  com- 
bustible body  among  the  metals  or  not. — Annalts  dcs  Phfsik 
und  Chcmie. 


A RT.  XI  I. — Observations  on  (he  Habits  of  the  Hyana*  By  RoB»- 
EUT  Knox,  M.  D.  F.  R.  S.  E.  Lecturer  on  Anatomy  and 
Physiology,  and  Conservator  of  the  Museum  of  the  Royal 
College  of  Surgeons.  Communicated  by  the  Author.  [JanUf- 
son^s  Edin.  Jouu'\ 

About  a  year  ago,  the  Wernerian  Society  of  Edinburgh 
did  me  the  honor  to  publish  in  their  Transactions,  a  brief  no- 
tice by  me  of  the  habits  of  the  hyaena,  at  present  existiiig  in 
Southern  Africa,  in  which  I  endeavoured  to  show,  1st,  That 
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the  Rev.  Mr  Buckland,  in  his  Geological  Speculations,  intend- 
ed not  so  much  to  advance  science,  as  to  fix  the  era  of  a  uni- 
versal deluge,  had  taken  up  inaccurate,  or  at  least  by  far  too 
sweeping  views  of  the  natural  habits  of  this  ferocious  animal ; 
and  2d,  That  it  was  of  little  moment  to  a  geological  theory, 
what  were  the  habits  of  modern  or  postdiluvian  hyaenas,  since 
the  antediluvian  relics  belonged  to  a  different  species ;  which 
latter  circumstance  Mr  Buckland  seems  to  have  forgot,  (or 
perhaps  was  not  acquainted  with,)  until  reminded  of  it  by 
tor  Fleming.  1  shall  now  take  the  liberty  of  returning  to  the 
subject,  and  of  pointing  out  to  Mr  Buckland,  (since  he  has 
honoured  my  former  brief  notice  with  a  short  comment,)  sev- 
eral facts  in  the  history  of  these  animals,  which  militate 
against  his  "  Theory,"  and  render  his  mode  of  accounting  for 
the  accumulation  of  bones  in  the  Cave  of  Kirkdale,  absolute- 
ly untenable. 

!•  In  the  immediate  vicinity  of  the  abodes  of  men,  the  hy- 
aena usually  drags  his  prey  to  a  considerable  distance,  in  or- 
dtr  ihat  he  may  not  be  disturbed  at  his  meal;  but  his  enormous 
voracity  is  a  hindrance  to  his  dragging  the  prey  to  any  great 
distance,  much  less  to  store  up  food  in  caves,  with  a  foresight 
exceeding  most  of  the  savage  human  tribes.  Where  the 
country  is  thinly  inhabited,  they  will  eat  the  carcase  of  an 
animal  a  few  hundred  yards  from  the  houses ;  and  where 
there  are  no  houses,  they  will  eat  until  they  are  filled  to  the 
mouth  within  thirty  yards  of  a  great  number  of  armed  men. 
I  saw  this  happen  ;— -a  large  striped  hyaena  was  killed,  dur- 
ing the  night,  by  a  sentinel,  within  thirty  yards  of  an  en- 
campment of  nine  hundred  men;  on  dissecting  the  animal, 
it  was  very  evident  that  it  had  been  engaged  otherwise  than 
dragging  the  bones  to  its  den,  (possibly  twenty  miles  off,)  for 
its  stomach  was  so  enormously  distended  with  the  offal  of 
the  cattle  which  had  been  felled  all  round  the  camp  for  the 
use  of  the  troops,  that  it  seemed,  at  first  sight,  to  occupy  the 
^hole  abdominal  cavity.  Now  this  dissection  was  perform- 
ed by  me  before  hundreds  of  persons. 

2.  1  feel  surprised  that  Mr  Buckland  can  have  forgot  the 
account  Bruce  gives  of  a  hyaena  which  ate,  during  the  night, 
and  close  to  his  tent,  more  than  would  have  sufiSced  half-a- 
dozen  dogs.  It  is  true,  that  Mr  Bruce's  reviewers  made  it 
out,  that  the  hyaena  had  ate  more  than  his  own  weight ;  but, 
setting  aside  this  part  of  the  story,  which,  of  course,  is  a  di- 
verting exaggeration,  Mr  Bruce  might  have  told  bis  review- 
ers, that  untu  they  had  examined  the  stomach  of  the  hyaena, 

Bost.  Jour.  Norv.  ^  Dec.  1825  16 
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they  could  not  well  imagine  its  vast  capacity,  commensurate 
with  the  natural  voraciousness  of  the  animal.  J  could  easily 
multiply  these  instances  from  my  own  experience,  for  there 
were  killed  sometimes  four  or  five  hyaenas  within  eight  days, 
close  to  our  habitations*  Assuredly  these  animals  were  not 
busied  in  carrying  away  bones  to  remote  caverns  for  future 
geologists  to  speculate  upon. 

3.  It  is  not  improbable  that,  in  thickly  inhabited  countries 
the  habits  of  the  hysena  may  be  much  altered,  as  we  find  to 
be  the  case  in  all  other  wild  animals.*  When  much  harass- 
ed, they  become  timed,  and  fly  far  from  the  abodes  of  men* 
I  should  be  glad  to  offer  this  explanation  in  support  of  the 
supposed  habits  of  the  Kirkdale  hyaenas,  but,  unfortunately, 
the  antediluvians  had  not  discovered  Britain,  which,  though  a 
fine  country,  and  full  of  nature's  finest  productions,  did  not 
boast  of  them  as  tenants. 

4.  Hyaenas  do  not  congregate ;  they  are  solitary.  Con- 
sequently, all  that  Mr  Buckland  has  said  about  a  den  of  &y- 
aixas^  is  simply  the  work  of  the  imagination  heated  by  a  false 
theory. 

5.  The  young  of  the  hyaena  follow  the  dam  early  into  the 
field,  so  that  the  quantity  of  food  required  to  be  carried  to 
them  must  be  small. 

6.  I  do  not  believe  that  hyaenas  reside  in  caverns ;  they 
are  too  timid  and  distrustful  of  every  thing.  The  almost 
inaccessible  parts  of  the  country  to  which  they  retire  during 
the  day-time,  must  have  been  visited  by  verv  few  travellers. 
I  cannot  say  that  I  have  ever  discovered  hyaenas  in  dens, 
though  I  have  often  been  present  when  they  were  roused 
from  their  lurking-places. 

These  are  all  the  observations  I  intend  offering  on  this  sub- 
ject. It  probably  did  not  merit  even  these,  since,  as  I  for- 
merly hinted,!  the  habits  of  modern  and  antediluvian  hyaenas 
might  be  entirely  different,  as  they  belong  to  different  species. 
But  however  this  may  be,  none  who  has  inspected  the  Kirk- 
dale bones,  deposited  in  the  Hunterian  museum,  can  hesitate 


*  My  friend,  Dr  Versfield,  a  native  of  the  Cape,  infonns  me,  that  he  has,  on  two 
occasions,  observed  caves  in  the  Table  Mountain,  in  the  immediate  vicinity  of  Cape 
Town,  which  contained  a  few  bones,  apparently  of  some  ruminating  animal ;  he 
ascribed  the  presence  of  these  bones  in  the  caves  to  the  agency  of  hyaenas,  with 
which  opinion  I  entirely  af  ree.  When  we  reflect  on  the  i>roxiniity  of  so  populous 
a  town  as  the  Cape  to  the  TaUe  Mountain,  it  is  quite  surprising  that  large  collections 
of  bones  have  not  been  found  in  its  caves;  the  number  of  bysBoas  inhabiting  these 
mountains  muiit  be  very  great. 

\  Wernerian  TransacUons,  vol.  v. 
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for  a  moment  in  declaring,  that  these  bones  have  never  been 
fractured  by  hyaenas  5  they  have  been  broken  by  great  ex- 
ternal violence,  and  not  by  the  agency  of  the  teeth  of  living 
animals  ;  and  they  do  not  differ  in  any  respect  from  the  bones 
found  at  Oreston  and  elsewhere,  which  bear  no  such  mark^  of 
violence*  It  seems  indeed  strange  that  the  agency  of  wild  an- 
imals should  be  resorted  to  in  explaining  the  osteolosical 
collection  of  the  Kirkdale  cave,  when  so  many  other  collec- 
tions are  allowed  to  have  been  formed  in  an  entirely  different 
manner.  But  the  truth  is,  that  we  have  evidence  in  the  na- 
ture of  the  relics  themselves,  subversive  of  Mr  Buckland's 
speculations  on  these  subjects  ;  1*  The  bones  found  in  the 
cave  of  Kirkdale  do  not  bear  the  marks  of  having  been  brok- 
en by  hyaenas,  but  of  having  been  dashed  to  pieces,  and  ex- 
posed to  the  action  of  water ;  3.  They  belong  to  animals  of 
a  different  species  from  any  which  now  exist;  like  the  mam- 
moth, they  nave  entirely  disappeared  from  the  face  of  the 
earth ;  the  very  race  has  been  utterly  destroyed.  But  the 
deluge  which  effected  this,  was  not  the  universal  deluge  des- 
cribed in  Scripture,  for  of  all  that  then  lived,  and  was  liable 
to  be  destroyed  by  the  devouring  element^  individuals  were 
careJuUy  preserved  to  extend  the  race  of  animals  to  the  present 
Jay.  Mr  Buckland  will,  I  trust,  see  the  propriety  of  in  future 
avoiding  all  speculations  which  have  even  a  remote  tendency 
to  mingle  up  matters  esteemed  by  most  men  as  sacred,  with 
short-sighted  human  theories,  amongst  which,  1  fear,  must  be 
ranked  that  which  he  has  brought  forward,  and  defended 
with  much  ingenuity  and  labour* 


Art.  XIII. — Abstract  of  a  Series  of  Papers  lately  read  before 

the  Royal  Society^  ire.  <m  the  Magnetism  developed  by  Rotation. 

Bv  Messrs    Barlow,  Christie,  Babbage,   Hexschell,  and 

Marsh.*    [Philos.  Mag.'] 
On  the  Magnetism  imparied  to  Iron  Bodies  by  Rotation.     By 

Peter  Barlow,  Esq.  F.R.S. 

The  author's  attention  having  been  recalled  to  the  consid- 


*The  great  importance  of  the  experiments  and  investigations  douiled  in  these 
papers,  has  determined  us  to  give  in  a  connected  form  the  official  a'bstracts  of  them, 
as  read  before  the  Royal  Society,  from  the  Quarterly  Journal  of  Science.  We  have 
added,  to  complete  the  series,  Mr  March's  accouut  of  Mr  Barlow*s  repetition  of  M. 
Arago*s  late  experiments,  from  the  Edinburgh  Philosophical  Journal 
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eration  of  the  effects  of  rotation  in  altering  the  magnetic  in* 
iluence  of  iron,  in  the  course  of  speculations  on  the  cause  of 
the  rotation  of  ihe  earth's  magnetic  poles,  and  knowing  at  the 
same  time  that  Mr  Christie  had  found  a  permanent  change  in 
the  magnetic  state  of  an  iron  plate  by  a  mere  change  of  posi« 
tion  on  its  axis,  it  seemed  to  him  highly  probable  that  this 
change,  due  only  to  a  simple  inversion,  would  be  increased 
by  rapid  rotation*  On  trial,  however,  it  was  found  that  the 
effect  produced  was  merely  temporary.  The  experiments  at 
first  were  made  with  a  thirteen-mch  mortar-shell  fixed  to  the 
mandrel  of  a  powerful  turning  lathe,  worked  by  a  steam-en« 
gine  in  the  royal  arsenal  at  Woolwich. 

This  being  made  to  revolve  at  the  rate  of  640  turns  per 
minute,  the  needle  was  deflected  out  several  degrees,  and 
there  remained  stationary  during  the  motion  of  the  ball,  but 
returned  immediately  to  its  original  position  on  ceasing  the  ro- 
tation. On  inverting  the  motion  of  the  shell,  an  equal  and 
contrary  deflection  took  place. 

As  the  law  of  the  phenomena  was  not  evident  with  this  dis- 
position of  the  apparatus,  and  the  shell  was  found  too  heavy 
for  perfect  safety,  a  Shrapnell  shell  of  eight  inch  diameter 
was  mounted  in  a  proper  apparatus  (described  in  the  paper), 
and  a  number  of  experiments  made,  the  law  of  which,  howev- 
er, still  seemed  anomalous,  till  the  idea  occurred  of  neutral- 
izing the  earth's  action  on  the  needle ;  when  the  anomalies 
disappeared,  and  the  general  law  of  the  effect  was  placed  in 
evidence.  The  needle  being  made  a  tangent  to  the  ball,  if 
the  ball  was  made  to  revolve  towards  the  needle  (whatever 
was  the  direction  of  the  axis  of  rotation), •the  north  end  of 
the  latter  was  attracted,  and  if  the  contrary  way,  repelled. 
In  the  two  extremities  of  the  axis  there  was  founa  no  effect ; 
while  in  two  opposite  points  at  right  angles  to  the  axis,  the 
effect  was  a  maximum,  and  the  direction  of  the  needle  was  to 
the  centre  of  the  ball. 

The  author  then  proceeded  to  show  how  the  results,  which 
before  appeared  anomalous,  agree  with  this  general  view, 
and  closed  his  vrommunication  with  some  theoretical  views  of 
their  general  bearing  on  the  subjects  of  the  earth's  magne- 
tism, which  he  thought  there  were  strong  reasons  for  befiev- 
ing  to  be  of  the  induced  kind ;  and  although  it  appeared  to 
him  doubtful  whether  the  anomalies  observed  in  the  varia- 
tion of  the  needle  on  the  earth's  surface  can  ultimately  be 
referred  to  this  cause,  yet  he  observed  that  one  condition 
essential  to  the  production  of  these  phenomena  holds  good  in 
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the  case  of  the  earth,  viz*  the  non-coincidence  of  its  polariz- . 
ed  axis  with  that  of  its  diurnal  rotation. 


On  the  Alteration  m  the  Magnetism  of  an  Iron  Ptate^  occasioned 
h\f  a  Rotation  on  its  Axis.    By  S.  H.  Christie,  Esq. 

The  effects  observed  and  described  in  this  paper,  although 
minute  in  themselves,  appeared,  in  the  author's  opinion,  to 
point  out  a  species  of  magnetic  action  not  hitherto  described, 
it  has  long  been  well  known  that  striking,  twisting,  or  filing 
iron<,  in  different  directions,  with  regard  to  the  magnetic  axis^ 
materially  influences  its  polarity,  but  it  does  not  appear  to 
have  been  remarked  that  the  simple  rotation  of  iron  in  diffe- 
rent directions  has  any  such  influence.  This,  however,  the 
author  has  ascertained  to  be  the  case,  and  that  the  laws 
which  govern  this  peculiar  action  are  so  regular,  that  there 
can  remain  no  doubt  of  a  corresponding  regularity  in  their 
causes. 

k  The  attention  of  the  author  was  first  drawn  to  these  phe- 
nomena by  some  apparent  anomalies  in  the  magnetic  action 
of  an  iron  plate  on  the  compass,  observed  in  the  course  of  a 
different  investigation.  In  order  to  avoid  or  allow  for  the 
disturbing  influence  of  partial  magnetism  in  the  iron,  it  be- 
came necessary  to  attend  minutely  to  the  position  of  certain 
points  in  its  circumference,  which  corresponded  to  the  maxi- 
ma and  minima  of  this  magnetism.  It  was  then  found  that 
these  points  were  not  constant,  but  shifted  their  position  as 
the  plate  was  made  to  revolve  in  its  own  plane ;  or,  in  other 
words,  that  a  plate  which,  in  a  given  position,  produced  a 
certain  deviation  in  a  compass,  no  longer  produced  the  same 
deviation  after  making  an  exact  revolution  in  its  own  plane, 
although  brought  to  rest,  and  every  part  of  the  apparatus 
restored  precisely  to  its  former  place. 

It  appeared  from  this,  that  the  revolution  of  the  plate  in  its 
own  plane  had  an  influence  on  its  power  of  deviating  the 
needle  independent  of  the  partial  magnetism  of  particular 
points  in  it ;  and  the  justice  of  this  idea  was  proved  by  giving 
it  a  rotation  in  an  opposite  direction  when  the  effect  on  its 
directive  power  was  also  reversed.    ^ 

The  change  produced  by  rotation  in  the  directive  power 
of  the  plate  was  found  to  be  a  maximum  when  its  plane  was 
parallel  to  the  line  of  dip  on  the  magnetic  axis,  and  at  the 
same  time  as  little  inclined  to  the  horizon  as  this  condition 
would  allow;  but  when  the  plane  of  the  plate  was  parallel  to 
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the  horizon,  the  effect  was  diminished  in  the  ratio  of  5  to  1 , 
and  when  perpendicular  to  the  horizon,  and  coincident  with 
the  magnetic  meridian,  was  altogether  destroyed. 

The  author,  having  satisfied  himself  of  the  reality.andxon- 
«taricv  of  this  effect,  in  different  plates,  and  of  the  necessity 
of  referring  it  to  a  peculiar  agency  of  the  earth^s  magnetic 
power  on  the  molecules  of  the  plate,  proceeded  to  ascertain 
the  laws,  and  measure  the  quantities  of  the  deviation  due  to 
rotation  (so  he  terms  it)  in  various  positions ;  and  detailed  a 
great  number  of  experiments,  with  their  numerical  results, 
arranged  in  the  form  of  tables. 

From  these  he  deduced  the  following  general  law ;  viz. 
that  the  deviation  due  to  rotation  in  a  dipping  needk  ^  will  al- 
ways be  such,  that  the  sides  of  the  equator  of  such  dipping 
needle  will  deviate  in  a  direction  contrary  to  the  directions 
in  which  the  edge  of  the  plate  moves,  that  edge  of  the  plate 
nearest  to  either  edge  of  the  equator  producing  the  greatest 
effect." 

The  results  of  this  law,  it  may  be  here  observed,  are  in 
many  cases  coincident  with  those  of  the  following :  conceive 
the  dipping  needle  orthographically  projected  on  the  plate. 
Then  will  the  deviation  due  to  rotation  of  the  projected  needle 
take  place  in  a  direction  opposite  to  that  of  the  rotation  itsdf 

The  author  then  proceeded  to  a  theoretical  investigation 
of  the  effect  of  a  plate  of  soft  iron,  having  within  it  two  poles 
developed  in  given  positions,  and  acting  (in  addition  to  the 
usual  magnetic  action  of  soft  iron)  on  a  needle  of  infinitely 
small  dimensions,  in  the  plane  of  the  plate.  He  referred  the 
whole  ordinary  action  of  the  iron  to  its  centre,  and  supposed 
that  this  is  attractive  on  both  poles  of  the  needle ;  but  the  ex- 
traordinary action  on  that  of  the  newly-developed  poles  he 
supposed  to  reside  in  them,  and  to  be  attractive  or  repulsive, 
according  as  they  act  on  the  poles  of  the  needle  of  the  same 
•r  opposite  names  with  themselves.  On  this  hypothesis,  as- 
suming symbols  for  the  co-ordinates  of  the  plate's  centre,  the 
distance  separating  the  newly-developed  poles  in  the  plate, 
and  the  angle  which  the  line  joining  them  makes  with  the 
direction  of  the  needle,  &c.,  he  deduced  (from  .the  known 
laws  of  magnetism)  Armulae,  expressing  the  horizontal 
deviations  of  the  needle : — first,  on  the  supposition  of  a  rota- 
tion in  one  direction ;  secondly,  on  that  o\  a  rotation  in  th« 
opposite ;  and  thirdly,  in  that  of  no  rotation  at  all.  From 
these,  by  comparing  them  with  a  few  of  the  observations,  he 
ileduced  numerical  values  for  the  constants  of  the  formulou 
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and  then  employed  them  to  compute  the  deviations  due  to  ro» 
tation  in  all  the  rest.  He  regarded  the  discrepancy  between 
the  calculated  and  observed  results,  as  in  few  cases,  larger 
than  what  he  considered  may  be  fairly  attributed  to  error  of 
observation ;  and  that  the  theory  above  stated  is  at  least  a  gen- 
eral representation  of  what  passes  in  fact ;  admitting,  however, 
that  it  does  not  give  the  exact  position  of  the  point  where  the 
deviation  due  to  rotation  vanishes,  and  suggesting  partial 
magnetism  in  the  iron  plate  used  as  one  mode  of  accounting 
for  the  difference.  At  all  events,  by  an  examination  of  the 
ease  on  the  ordinary  supposition  of  induced  magnetism  in  the 
iron,  he  showed  that  a  greater  coincidence  between  thoo* 
ry  and  fact  would  not  result  from  that  hypothesis  than  from 
the  one  here  employed. 

He  then  proceeded  to  inquire  into  the  degree  of  perma* 
Bence  of  the  polarity  thus  produced  in  iron  by  rotation ;  from 
which  inquiry  it  appeared  that  (at  least  during  1 2  hours  after 
the  plate  was  brought  to  rest)  the  influence  of  a  single  rota- 
tion had  scarcely  suffered  any  diminution*  It  appeared  also 
that  the  effect  is  so  far  from  aepending  on  the  rapidity  of  the 
motion  that  the  plate  can  scarcely  be  made  to  revolve  so 
slowly  as  that  the  whole  effect  shall  not  be  produced. 

Lastly,  by  a  slight  change  in  the  formulae,  the  results  of 
computation,  it  is  found,  can  be  made  to  agree  with  observa- 
tion to  a  degree  of  exactness  as  near  as  can  be  wished.  This 
change  consists  in  the  omission  of  certain  terms  introduced 
by  the  theory,  and  the  author  regards  it  as  very  possible  so 
to  modify  the  theory  as  to  get  rid  of  them. 

The  author  closed  this  communication  with  an  appendix 
-comparing  the  magnetic  effects  produced  by  slow  and  rapid 
rotation.  The  result  of  the  comparison  was,  that  the  forces 
exerted  on  the  needle  during  rapid  rotation  were  always  in 
the  same  direction  as  those  derived  from  the  slowest  rotation, 
and  which  continue  to  act  after  the  rotation  has  ceased,  but 
were  greater  in  intensity,  and  that  the  former  effects  w^rc 
such  as  might  have  been  looked  for  from  a  knowledge  of  the 
latter. 

An  Account  of  the  Repetition  ofM.  Aragd^s  Experiments  on  the 
Magnetism  developed  during  the  Act  o/  Rotation.  By  Charles 
Babbage,  Esq.  F.R*S.,  and  J.  F.  Herschell,  Esq.  Sec.  R.S. 

The  experiments  of  M.  Arago  having  excited  much  inter- 
est, the  authors  of  thi»  communication  were  induced  to  erect 
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an  apparatus  for  their  Teriikation ;  and  after  a  few  trials, 
they  succeeded  in  causing  a  compass  to  deviate  from  the 
magnetic  meridian,  by  setting  in  rotation  under  it  plates  of 
copper,  zinc,  lead,  &c. 

To  obtain  more  visible  and  regular  effects,  however,  they 
found  it  necessary  to  reverse  the  experiment,  by  setting  in 
rotation  a  powerful  hofse-shoe  magnet,  and  suspending  over 
it  the  various  metals,  and  other  substances  to  be  examined, 
which  were  found  to  follow  with  various  degrees  of  readiness 
the  motion  of  the  magnet.  The  substances  in  which  they 
succeeded  in  developing  signs  of  magnetism  were,  copper, 
anc,  silver,  tin,  lead,  antimonv,  mercury,  gold,  bismuth,  and 
carbon  in  that  peculit^r  metafloidal  state  in  which  it  is  pre- 
cipitated from  carburetted  hydrogen  in  gas  works.  In  the 
case  of  mercury,  the  rigorous  absence  of  iron  was  secured. 
In  other  bodies,  such  as  sulphuric  acid,  rosin,  glass,  and  other 
non-conductors,  or  imperfect  conductors  of  electricity,  no 
positive  evidence  of  magnetism  was  obtained. 

The  comparative  intensities  of  actio!\  of  these  bodies  were 
next  numerically  determined  by  two  difierent  methods,  viz., 
by  observing  the  deviation  of  the  compass  over  revolving 
plates  of  great  size  cast  to  one  pattern,  and  by  the  times  of 
rotation  of  a  neutralized  system  of  magnets  suspended  over  ^ 

them  ;  and  it  is  curious  that  the  two  methods,  though  they  ' 

assigned  the  same  order  to  the  remaining  bodies,  uniformly  ^ 

gave  opposite  results  in  the  cases  of  zinc  and  copper,  placing  -f 

them  constantly  above  or  below  each  other  according  to  the  ^ 

mode  of  observation  employed.  >; 

Our  authors  next  investigated  the  effect  of  solution  of  con-  ^( 

tinuity  on  the  various  metals ;  in  the  course  of  which  M.  Ara-  ^ 

go^s  results  of  the  din\inution  of  effect  by  division  of  the  me-  ^ 

lallic  plates  used  were  verified  ;  and  the  further  curious  fact  ^ 

ascertained,  that  re-establishing  the  metallic  contact  with  oth-  -so 

er  metals  restores  the  force,  either  wholly  or  in  great  meas-  pj 

ure;  and  that  even  when  the  metal  used  for  soldering  has,  in  i^i 

itself,  but  a  very  feeble  magnetic  power,  thus  affording  u 
power  of  magnifying  weak  degrees  of  magnetism.  The  law 
of  diminution  of  the  force  by  increase  of  distance  was  next 
investigated.  It  appears  to  follow  no  constant  progression 
according  to  a  fixed  power  of  the  distance,  but  to  vary  be- 
tween the  square  and  the  cube. 

The  remainder  of  this  paper  was  devoted  to  some  able  and 
elaborate  reasoning  on  the  facts  detailed.— The  authors  con- 
ceive that  they  may  be  all  explained  without  any  new  hypo- 
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thesis  in  magnetism,  by  supposing  simply  that  time  is  requi- 
site both  for  the  developement  and  loss  of  magnetism  ;  and 
that  different  metals  differ  in  respect,  not  only  of  the  time 
they  recjuire,  but  in  the  intensity  of  the  force  ultimately  pro- 
ducible m  them ;  and  they  apply  this  explanation  not  only 
to  their  own  results,  but  to  those  obtained  by  Mr  Barlow  in 
his  paper  on  the  rotation  of  iron. 

Experiments  on  Oie  Magnetism  produced  by  Rotation,     By  S.  H. 
Christie,  Esq.,  in  a  Letter  to  Mr  Herschel. 

Mr  Christie,  in  this  communication,  gave  an  account  of 
some  experiments  on  the  developement  of  magnetism  in  cop- 
per by  rotation.  He  corroborated  by  his  own  experience 
the  results  obtained  by  Mr  Herschel,  in  which  a  disc  of  cop- 
per was  set  in  rotation  by  the  rotation  of  one  or  more  magnets 
beneath  it,  both  in  the  case  where  poles  of  the  same  name 
were  immediately  below  the  disc,  and  when  of  a  contrary 
name.  The  actions  appeared  equally  intense  in  both  cases ; 
and  from  this  circumstance,  he  concludes  the  magnetism  thus 
communicated  to  the  copper  to  be  extremely  transient*  The 
experiment  was  varied  by  combining  the  revolving  magnets 
differently,  and  the  results  were  stated. 

The  next  experiments  of  Mr  Christie  were  directed  to  the 
determination  of  the  law  according  to  which  the  force  dimin* 
ishes  as  the  distance  between  the  disc  and  magnets  increases. 
It  seems  to  follow  from  these  experiments,  that  when  a  thick 
copper  plate  is  made  to  revolve  under  a  small  magnet,  the 
force  tending  to  deviate  the  needle  i3  directly  as  the  velocity, 
and  inversely  as  the  fourth  power  of  the  distance;  but  that 
when  magnets  of  considerable  size  are  made  to  revolve  under 
thin  copper  discs,  the  diminution  follows  more  nearly  the 
ratio  of  the  inverse  square  of  the  distance,  or  between  the 
square  and  the  cube,  though  not  in  any  constant  ratio  of  an 
exact  power. 

The  author  then  investigated  the  law  of  force  when  copper 
discs  of  different  weights  are  set  in  rotation,  which,  for  small 
distances,  appear  proportioned  to  the  weights  of  the  discs, 
but  for  smaller  ones  appear  to  vary  in  some  higher  ratio. 

Account  of  the  Repetition  of  M.  Arago^s  Experiments  on  the  Mag- 
netism developed  during  the  Act  of  Rotation  •  By  Messrs 
Barlow  and  Marsh. 

The  experiments  by  Mr  Barlow  on  the  magnetism  iti-parted 
Bost.  Jour.  M'ov.  ^  Dec,  1 825.     17 
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by  rotation,  described  in  p.  124,  were  begun  in  Dec.  1894  j 
and  it  was  not  until  April  1825  that  he  was  informed  of  M. 
Arago's  rotative  experiments  on  copptr  and  other  metals. 
"The  latter  were  not  known  in  England,"  JMr  Mnrsh  states, 
"  until  M.  Gav-Lussac's  visit  to  London  at  the  time  above 
stated." — "  I  am  not  aware,"  he  continues,  '•  of  the  precise 
nature  of  these  experiments ;  and  shall,  therefore,  only  pn- 
deavour  to  describe  those  which  I  have  assisted  Mr  Barlow 
in  making,  and  which  he  founded  on  the  description  he  had 
received  ;  they  may,  therefore,  be  considered  as  the  experi- 
ments of  M,  Arago  repeated,  and  varied  as  different  circum- 
stances occurred  to  sug^rest  new  ideas.  The  account  he  had 
of  M.  Arago's  experiment,  was  that,  by  placing  a  copper 
plate  upon  a  vertical  spindle,  the  plate  being  horizontal,  and 
then  placing  just  above  it  a  light  compass  n^iedle,  but  inde- 
pendent, of  course,  of  the  plate ;  on  causing  the  spindle  and 
plate  to  revolve,  the  needle  was  considerably  deflected,  and 
more  and  more  as  the  velocity  was  increased ;  so  that,  when 
the  plate  was  put  into  rapid  rotation,  the  needle  also  began, 
after  a  few  vibrations,  to  revolve,  and  at  length  wiih  consid- 
erable velocity. 

"1.  In  order  to  repeat  this  experiment,  I  connected  the 
wheel  of  my  turning  lathe  with  a  vertical  spindle,  which  I 
could  make  revolve  forty-five  times  per  second ;  and  on  this 
I  placed  a  thin  copper  plate,  about  six  inches  in  diameter, 
and  over  this  a  needle  about  five  inches  long,  shut  up  in  a 
close  box,  about  one  inch,  or  rather  less,  above  the  plate. 
When  putting  the  lathe  in  motion,  I  found  it  to  deflect  the 
needle  about  five  points,  the  deflection  being  always  in  the 
same  direction  as  the  motion  of  the  plate,  but  we  could  not 
cause  it  to  revolve.  The  needle  was,  therefore,  partly  neu- 
tralized by  a  bar  magnet,  and  the  experiment  repeated.  We 
then  very  soon  obtained  a  considerable  rotatory  motion  in 
the  needle ;  and,  by  using  a  larger  and  heavier  plate,  the 
same  was  produced  afterwards  without  neutralizing  the 
needle. 

'^  2.  Another  experiment,  which  was  mentioned  as  one  of 
M.  Arago's,  and  which  I  repeated,  was,  by  interposing  a  plate 
of  iron  between  the  copper  plate  and  the  needle.  In  this 
case,  no  effect  could  be  produced  on  the  needle  by  the  ro- 
tation of  the  copper  plate,  the  iron  clearly  intercepting  the 
action. 

**  3.  The  only  other  experiment  that  I  am  aware  of  as  orig- 
inating with  M.  Arago,  at  least  that  I  repeated,  was  the  rota- 
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tion  of  a  plate  cut  into  radii  like  a  star,  which  was  said,  as  I 
understood,  to  produce  no  effect ;  this,  however,  was  not  the 
case  in  my  experiments, — it  certainly  produced  a  less  effect, 
but,  I  think,  not  less  than  might  have  been  anticipated,  from 
the  quantity  of  copper  thus  taken  away, 

^^  4.  I  DOW  trieu  a  zinc  plate  instead;  of  a  copper  plate,  and 
the  effect  was  nearly  the  same  as  before,  but  a  little  less. 

"  5.  An  iron  plate  was  now  substituted,  and  the  effect  was 
considerably  greater  than  with  the  copper  plate. 

'*  6*.  The  copper  plate  was  again  replaced,  and  a  brass 
needle  placed  in  the  box.  Some  motion  was  obtained,  but 
it  was  very  equivocal,  so  that  I  cannot  venture  to  say  that  it 
was  certainly  due  to  the  rotation. 

"  7.  A  heavy  horse-shoe  magnet  was  now  suspended  by  a 
line  from  the  ceiling ;  and  it  was  put  in  rotation  by  the  rev- 
olution of  the  copper  plate,  a  paper  screen  having  been  first 
interposed  between  them. 

"  8.  One  copper  plate  was  suspended  over  another,  but  no 
motion  was  obtained ;  and  the  same  took  place  when  the 
copper  plate  was  suspended  over  an  iron  one. 

^  d.  A  bar  magnet,  rather  shorter  than  the  diameter  of  the 
copper  plate,  was  fixed  horizontally  to  the  upright  spindle ; 
and  being  made  to  revolve,  the  plate  very  soon  acquired  ro- 
tation. A  paper  screen  was,  in  this,  as  in  the  preceding  ex- 
periments, interposed  between  the  plate  and  magnet. 

^'  10.  The  plate  was  now  applied  immediately  to  the  axis 
of  the  lathe,  so  as  to  cause  it  to  revolve  vertically,  and  the 
needle  placed  near  to  it ;  but  no  motion  took  place,  till,  by 
nearly  neutralizing  the  needle,  and  bringing  either  of  Its 
poles  directly  to  the  plate^  it  then  always  deviated  in  the 
direction  of  the  motion  of  the  plate ;  whichever  pole  of  the 
needle  was  directed  to  the  former.  The  needle,  of  course, 
therefore,  deviated  different  ways  (all  other  things  being  the 
same),  when  it  was  above  or  below  the  axis ;  but  in  the 
direct  horizontal  line  of  the  axis  no  motion  in  the  needle  took 
place. 

'MI.  The  above  are  the  principal  experiments  that  I  as- 
sisted in  making  by  revolving  the  plate  ^  but  these  having 
suggested  to  Mr  Barlow  that  all  the  results  obtained  might  be 
explained,  by  supposing  that  there  existed  a  slight  magnetic 
power  in  copper,  and  in  the  various  metals  which  had  a  ten- 
dency to  draw  the  needle  after  the  plate,  or  the  latter  after 
the  former,  he  endeavoured  to  exhibit  this  by  direct  experi- 
meat)  independent  of  revolution.    With  this  view,  he  neutral- 
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ized  a  needle  very  accurately ;  and  then  applying  very  near 
to  its  poles  the  end  of  a  round  bras8  ruler,  the  attraction  of 
the  latter  was  obvious,— it  drew  the  needle  several  degrees, 
— then,  withdrawing  it,  and  catching  the  needle  again  in  its 
returning  vibration,  it  was  drawn  out  some  further  degrees  ; 
and,  in  a  very  short  time,  the  deflection  was  converted  into  a 
revolution,  which,  by  alternately  presenting  and  withdrawing 
the  needle,  was  at  length  rendered  very  rapid. 

"  12.  The  same  result  was  obtained  by  two  or  three  differ- 
ent pieces  of  brass ;  but  there  were  other  pieces,  although  of 
the  same  size  and  form,  which  had  little  or  no  effect* 

"The  following  experiment  is  due  to  Mr  Sturgeon,  of 
Woolwich. 

"13.  A  thin  copper  plate  or  wheel,  about  five  or  six  inches 
in  diameter,  was  suspended  very  delicately  on  an  axis,  and 
then  one  side  a  little  weighted,  in  order  to  give  it  a  tendency 
to  oscillate.  The  heavy  point  was  now  raised  level  with  the 
axis,  and  the  number  of  vibrations  the  plate  made  before  it 
came  to  rest  were  counted.  The  same  was  again  done,  with 
this  difference  only,  that  the  vibrations  now  took  place  be- 
tween the  poles  of  a  horse-shoe  magnet ;  and  the  number  of 
them  before  the  plate  came  to  rest,  was  very  little  more  than 
one  half  of  what  they  were  in  the  former  instance. 

"  This  is  the  converse  of  JVi-  Arago's  experiments,  in 
which  he  shows  the  effect  of  copper  and  other  metallic  rings, 
in  diminishing  the  number  of  oscillations  of  a  magnetic 
needle. 

"  14.  If,  instead  of  a  horseshoe  magnet,  the  contrary  poles 
of  two  bar  magnete  be  used,  the  effect  is  the  same  as  before ; 
but,  if  the  poles  of  the  same  name,  viz.  both  north  or  both 
south,  be  employed,  then  the  effect  is  scarcely  perceptible. 
This  is  an  important  result,  as  it  shows  that  the  effect  is  not 
due  to  any  kind  of  resisting  medium,  as  was  supposed  in  the 
first  instance." 


Art.   HW •'-^Researches  on  a  New  Acid  universally  diffused 
through  Vegetables.     By  M.  H.  Biaconnet.    {Philos.  Jour.) 

I  first  obtained  this  acid  from  the*  tubercles  of  the  dah- 
lia and  artichoke,  whilst  engaged  in  their  analysis,  but  igno- 
rant of  most  of  its  properties,  I  neglected  to  insert  it  as  a  con- 
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sdtuent  principle.  Some  time  after,  whilst  examining  the 
roots  of  cultivated  celery,  1  found  the  same  principle,  and  ob- 
served its  acid  properties.  It  has,  since  then,  occurred  so 
frequently,  that  1  have  not  met  with  a  single  vegetable  or 
succulent  root  without  observing  its  presence. 

I  have  found  it  in  the  roots  of  the  turnip,  carrot,  phytalac- 
ca,  (phytalacca  dccandcia,)  scorzonere  hispanica?)  piony, 
phlomede  (tubereuse)  in  the  roots  of  patience  (Rumex  patien- 
za,)  and  of  dlipen  dule  (saxifraga  rubra)  where  it  is  united  to 
a  colouring  principle,  in  bulbs,  the  onion  ;  in  the  stalks  and 
leaves  of  herbaceous  plants ;  in  the  cortical  layers  of  all  trees 
previously  deprived  of  the  coloured  external  bark,  from 
whence  it  may  be  obtained  in  great  abundance,  sometimes 
united  to  a  red  colouring  matter,  as  in  the  cherry-tree,  maple, 
nut-tree,  at  other  times  colourless  nearly,  as  in  trie  elder  tree; 
in  sawdust  of  the  maple ;  in  apples,  pears,  prunes,  cucurbita- 
ceous  fruits,  and,  without  doubt,  in  all  other  fruits,  and  in 
grain. 

Before  describing  the  properties  of  this  acid,  I  should  state, 
that  it  appears  to  me  very  analogous  to,  if  not  identical  with,  the 
principle  so  little  known  under  the  vague  term  of  jelly.  How* 
ever  that  may  be,  it  is  easily  obtained  from  all  parts  of  plants. 
If  roots  containing  starch  be  operated  upon,  such  as  those  of 
celery  and  carrot,  they  are  to  be  reduced  to  pulp  by  rasping, 
the  juice  expressed,  the  residue  boiled  with  water,  slightly 
acidified  with  muriatic  acid,  then  washed,  and  afterwards 
heated  with  a  very  dilute  solution  of  potash  or  soda ;  a  thick 
mucilaginous  liquid  results,  slightly  alkaline,  from  which  mu- 
riatic acid  separates  the  new  acid  in  the  form  of  an  abundant 
jelly,  which  should  then  be  well  washed.  In  this  state  it  is 
almost  colourless,  especially  when  from  colourless  vegetable 
substances ;  it  has  a  sensibly  acid  taste,  and  applied  to  lit- 
mus paper,  distinctly  reddens  it,  though  containing  no  foreign 
acid. 

It  is  scarcely  soluble  in  cold  water,  but  a  solution  may  be 
obtained,  sensible  to  re-agents.  Boiling  water  has  b  stronger 
action ;  the  filtered  liquor  is  colourless,  deposits  nothing  on 
cooling,  and  barely  reddens  litmus ;  alcohol  coagulates  it 
into  a  transparent  jelly,  colourless  as  ice ;  so  also  do  all  me- 
tallic solutions,  lime-water,  baryta-water,  acids,  muriate  and 
sulphate  of  soda,  nitrate  of  potash,  &c.  This  acid  appears 
to  be  held  so  feebly  in  aqueous  solution,  that  the  solution  of 
a  little  sugar  is  sufficient  to  make  the  greatest  part  of  the 
liquor  coagulate.    Dried  in  a  capsule,  it  appears  in  transpar- 
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ent  films  having  do  adhesion  to  the  vessel.  When  dry,  it 
scarcely  swells  in  cold  water ;  dissolves  in  small  quantities 
in  boiling  water,  and  offers  the  phenomena  just  described* 
The  acid  precipitated  from  its  potash  combination  by  muriat- 
ic acid,  when  distilled  did  not  swell  up,  and  gave  a  pro- 
duct containing  much  empyrumatic  oil,  but  no  ammonia  nor 
muriatic  acid ;  much  charcoal  reipained.  Diffused  through 
water,  and  aided  by  warmth,  it  disengages  carbonic  acid 
from  its  alkaline  combinations. 

It  forms  a  very  soluble  salt  with  potash,  which  may  be 
obtained  in  the  state  of  transparent  jelly,  by  adding  weak 
alcohol,  which  removes  the  excess  ol  alkali,  and  colouria£[ 
matter,  if  there  be  any.  This  jelly,  washed  on  a  cloth  with 
alcoholized  water,  pressed,  and  dried,  is  a  neutral  combina* 
tion,  which  swells  and  dissolves  in  water,  and  leaves  upua 
evaporation  of  the  liquid  a  transparent  mass,  full  of  cracks, 
and  resembling  srum  arabic  in  appearance ;  it  has  so  little 
disposition  to  adhere,  that  the  slightest  friction  removes  it 
entirely  from  the  capsule.  The  taste  of  this  salt  is  insipid  ; 
put  upon  a  plate  of  red-hot  iron,  it  swells  excessively,  leaving 
a  decp-brov^n  residue,  soluble  in  water,  and  having  the  char- 
acter of  ulmin,  united  to  potash.  Exposed  to  the  flame  of  a 
taper,  it  burns,  producing  delicate  filaments  which  project 
out  from  the  mass  like  vermicelli.  These  filaments  fuse  into 
globules  of  sub-carbonate  of  potash. 

This  salt,  in  aqueous  solution,  is  gelatmized  by  alcohol, 
sugar,  muriate  of  soda,  acetate  of  potash,  and  other  neutral 
salts.  All  earthy  and  metallic  salts  decompose  it  by  double 
affinity.  The  acids  unite  to  the  alkali,  and  separate  the  acid 
as  a  jelly.  One  hundred  parts  of  the  neutral  combination 
burnt  in  a  plaiina  crucible,  left  a  quantity  of  sub-carbonate 
of  potash,  which,  heated  to  redness  with  sulphuric  acid,  gave 
28  parts  of  sulphate  of  potash,  from  which  it  would  appear, 
that  the  salt  was  formed  of 

Acid 85 

Potash      •     ...     15 

100 
Let  it  not  be  supposed  that  this  salt  will  be  useless ;  I  am 
persuaded  that  it  will  have  many  applications  in  the  art  of 
the  confectioner.  It  is,  indeed,  remarkable,  that  so  small  a 
quantity  of  the  combination  can  communicate  the  property 
of  gelatinizing  to  such  large  quantities  of  sugared  water.  I 
dissolved  one  part  of  this  salt  obtained  from  the  turnip  root 
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in  a  certain  quantity  of  warm  water ;  sugar  was  then  dissolv- 
ed in  the  liquor,  and  finally  a  very  small  quantity  of  acid 
added  ;  an  instant  afterwards,  the  whole  became  a  trembling 
gelatinous  mass,  weighing  300  parts.  I  have  in  this  prepar- 
ed aromatic  jellies,  perfectly  transparent  and  colourless,  and 
very  agreeable  to  the  taste  and  sight.  By  colouring  rose- 
water  with  a  little  cochineal,  I  have  also  prepared  jelly  of 
roses,  of  an  exquisite  taste. 

The  same  acid  added  to  a  weak  solution  of  ammonia,  forms 
also  a  soluble  compound,  which  evaporated  to  dryness,  leaves 
a  neutral  insipid  salt,  something  like  gum,  which  separates 
from  the  evaporating  di«h  in  large  plates,  like  mica.  Its  so- 
lution coagulates  with  different  substances  in  the  same  man- 
ner as  the  preceding.  I  dissolved  one  part  of  this  combina- 
tion in  100  parts  of  water,  and  added  alcohol,  which  separat- 
ed a  transparent  jelly ;  this,  drained  on  a  cloth,  weighed  110 
parts.  This  salt  will  answer  like  the  preceding  in  the  prep- 
aration of  jellies;  and  indeed  is  more  adyantageous  since  it 
may  be  readily  obtained  in  the  neutral  state. 

The  other  combinations  of  this  acid  are  almost  ail  insolu- 
ble and  may  be  obtained  by  double  decomposition. 

Concentrated  sulphuric  acid  appears  to  have  but  little  ac- 
tion when  cold  on  this  acid ;  by  means  of  heat  it  produces 
sulphurous  acid  and  ulmin.  Nitric  acid  distilled  to  dryness 
with  it  leaves  a  residue,  which  with  water  yielded  oxalic  acid 
and  a  white  powder,  which  was  partly  dissolved  by  ammo- 
nia, and  left  oxalate  of  lime.  An  acid  added  to  the  ammoni- 
acal  solution  separated  a  granular  sediment,  crystalline  acid, 
and  having  the  character  of  mucous  acid;  heated  in  a  glass 
tube,  it  blackened,  fused,  swelled  up,  and  produced  acicular 
crystalline  sublimate. 

Such  are  the  principle  properties  which  I  have  observed  in 
this  acid.  It  may  be  presumed  that  a  principle  thus  universal- 
ly spread  over  all  vegetables,  has  an  important  part  to  play, 
and  merits  the  serious  attention  of  physiologists.  I  am  very 
much  disposed  to  think  that  it  is  the  same  thing  as  the  cam- 
bium or  organizable  substance  of  Gren  and  Duhamel,  and 
which  appears,  as  is  known,  in  gelatinous  drops.  Wherever 
new  developements  are  forming,  I  shall  endeavour  in  the 
spring  to  ascertain  whether  my  conjecture  is  well-founded. 
In  the  mean  time,  I  propose  the  name  of  pectic  acid^  from 
nrixTiQ  {pedis)  coagulum,  to  distinguish  it  from  other  bodies 
of  the  same  class^ 
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Art.  XV.^^On  some  Kinds  of  Fulminating^  Powder  inHam' 
mah't  by  Percussion,  and  their  Use  in  Fire-arms*  By  R  W. 
Schmidt,  Lieutenant  in  the  Prussian  service.*  {Philos.  Mag.) 

A  POWDER  inflammable  by  percussion,  has  been  used  for 
some  years  past,  especially  in  fowling-pieces.  The  following 
formulae  have  been  given  for  the  preparation  of  this  {jowder, 
the  principal  in^edient  of  which  is  chlorate  of  potash. 

1.  100  parts  of  chlorate  of  potash  (fulminating  salt,)  12 
parts  of  sulphur,  and  10  parts  of  charcoal  are  closely  mixed* 
The  grains  are  produced  by  forcing  the  soft  paste  through 
a  sieve. 

2.  100  parts  of  chlorate  of  potash,  42  parts  of  saltpetre, 
36  parts  of  sulphur,  and  14  parts  of  lycopodium. 

These  are  the  usual  ingredients  tnat  have  hitherto  been 
mixed  with  the  chlorate  of  potash  for  the  purpose  of  making 
priming  powder.  The  guns,  however,  with  which  this  pow- 
der is  used,  are  very  various  in  their  construction.  In  some 
it  explodes  of  itself  by  means  of  the  mechanism  of  the  lock, 
on  being  cocked,  into  a  small  conical  recess,  which  communi- 
cates with  the  touch-hole,  in  others,  it  is  put  in  previous  to 
every  shot.  In  the  former  kind  of  euns  a  quantity  of  pow- 
der sufficient  for  a  certain  number  ofshots  is  kept  in  a  recess 
attached  to  the  lock,  called  a  magazine ;  and  the  locks 
(which  were  invented  in  England  by  Mr  Forsyth)  are  called 
maginine  locks. 

In  some  guns  the  stroke  of  the  cock,  which  is  in  the  shape 
of  a  hammer,  falls  immediately  on  the  fulminating  powder 
strewed  in  the  above  recess.  In  order  to  protect  the  powder 
from  wet,  small  balls  of  it  were  covered  over  with  wax,  and 
placed  sometimes  in  the  conical  recess,  and  at  others  fixed 
to  the  cock  itself.  In  both  instances  the  ball  was  kindled  ia 
the  recess  just  mentioned,  by  means  of  the  percussion. 

Besides  these,  other  contrivances  have  been  used  for  the 
purpose  of  igniting"  this  kind  of  powder  ;*  yet  they  have  all 
their  defects,  and  offer  so  many  aifficulties  in  practice  as  to 
have  prevented  their  general  introduction. 

Latterly,  they  have  contrived  in  Germany  to  fix  the  pow- 
der in  a  small  case  of  very  thin  copper  foil,  for  the  purpose 
of  keeping  it  dry ;  and  for  that  purpose  a  cylinder  is  screw- 
ed into  the  body  of  the  gun  insteaa  of  the  touch-hole,  and 


*  From  Schweigger*s  Journal,  B«nd  zi.  p.  6S. 
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rests  for  the  sake  of  greater  support  on  the  plate  of  the  lock, 
instead  of 'resting  on  the  pan«  The  inner  space  of  the  cyl- 
inder is  filled  in  loading  with  the  same  powder  as  that  of  the 
shot.  The  igniting  box,  at  the  bottom  of  which  is  the  deto- 
nating powder,  is,  previous  to  firing,  upturned  on  the  cylinder. 
In  this  cylinder  is  a  small  round  aperture  leading  to  the  in- 
ner space  of  the  cylinder.  On  the  trigger  being  pulled,  the 
cock  strikes  the  igniting- box,  and  the  fulminating  powder  is  kin- 
dled by  the  blow,  flows  through  the  aperture,  inflames  the 
shot,  and  breaks  the  igniting-box. 

Mr  Wright  seems  to  have  taken  great  pains  with  the  sub- 
ject.* He  recommends,  for  the  firing  cases,  to  use  fulminat- 
ing mercury,  saying  that  sportsmen  had  justly  complained  of 
the  powder  made  of  chlorate  of  potash,  since  it  soon  produces 
the  oxidation  of  the  barrel  and  touch-hole,  and  the  charcoal 
which  remains  after  the  firing,  rendering  them  unfit  for  use. 
The  advantages  of  his  new  powder  he  enumerates  as  follows: 
It  does  not  make  the  gun  rusty  so  soon  as  the  other ;  it  pro- 
duces neither  dirt  nor  moisture ;  it  is  not  liable  to  explode 
as  the  other  powder,  and  if  it  does  explode  its  eflfects  are  less 
destructive,  inasmuch  as  its  power  does  not  extend  so  far. 

The  following  is  his  mode  of  preparation : 

"  I  place  two  drachms  of  quickjiiver  in  a  Florence  flask, 
and  pour  six  drachms  (measure)  of  pure  nitric  acid  on  the 
mercury;  this  I-  place  in  a  stand  over  a  spirit-lamp,  and 
make  it  boil  till  the  quicksilver  is  taken  up  by  the  acid ;  when 
nearly  cool,  I  pour  it  on  an  ounce  (measure)  of  alcohol  in 
another  flask:  sometimes  immediate  efiervescence  ensues, 
with  the  extrication  of  nitrous  aether ;  and  often  I  have  been 
obliged  to  place  the  mixture  over  the  lamp,  till  a  white  fume 
begins  to  rise,  when  the  eflfervescence  follows.  I  sufier  the 
process  to  continue  (removing  the  lamp)  till  the  fumes  assume 
a  reddish  hue ;  when  I  pour  water  into  the  flask,  and  the 
powder  is  found  precipitated  to  the  bottom,  I  pour  off  and 
add  fresh  water,  permitting  the  powder  to  subside  each  time 
before  the  water  is  pourea  off,  so  as  to  free  the  substance  as 
much  as  possible  from  the  acid,  and  then  I  pour  it  on  a  piece 
of  filtering  paper,  and  place  the  powder  in  an  airy  room  to 
dry.     It  should  be  kept  in  a  corked  (not  stoppered)  bottle." 

For  the  fiilmg  of  the  cups,  he  makes  use  of  an  ivory  pin, 
which  has  a  scoop  at  one  end  for  the  purpose  of  receiving 


*Mr  Wrigfat*8  paper  will  b«  found  in  PhU.  Mag.  vol.lxii,  p.  203. 
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the  powder,  and  at  the  other  is  cut  flat.  With  it  he  puts  in 
as  much  fulminating  mercury  as  will  cover  the  bottom ;  he 
then  dips  the  flat  end  into  a  strong  tincture  of  benzoin,  and 
rubs  this  substance  gently  about  the  case ;  by  which  means 
the  powder  is  set  fast  and  covered  as  with  a  varnish. 

Professor  Schweigger,  speaking  of  these  kinds  of  experi- 
ments in  his  chemical  lectures,  observed  on  the  practicability 
of  kindling  gunpowder  by  the  admixture  of  other  substances, 
as  has  been  shown  in  a  criminal  investigation  that  took  place 
at  Munich  a  few  years  ago-  A  box  filled  with  gunpowder 
was  sent  to  an  individual  provided  with  fulminating  papers, 
which  were  to  inflame  on  the  box  being  opened.  Fortunate- 
ly, however,  the  murderous  design  was  frustrated ;  for  al- 
though the  papers  exploded,  they  did  not  kindle  the  powder. 
The  assassin  was  discovered  and  punished.  M.  Gehlen,  who 
had  been  examined  at  the  trial,  was  led  by  the  circumstance 
to  make  several  experiments  for  the  purpose  of  kindling  gun- 
powder by  means  of  Brugnatelli's  fulminating  silver,  but  they 
all  failed. 

It  seems  that  in  England,  too,  difficulties  had  been  found  in 
igniting  gunpowder  with  fulminating  mercury;  for  Mr  Wright 
observes,  "if  any  one  doubts  the  practicability  of  firing  gun- 
powder by  means  of  fulminating  mercury,  by  procuring  a 
percussion-gun,  he  may  try  the  experiment  and  be  fully  sat- 
isfied." 

Professor  Schweigger  having,  therefore,  requested  me  to  try 
some  t'xperiments  on  this  subject,  especially  with  fulminating 
silver,  I  made  them  in  the  chemical  laboratory  of  our  univer- 
sity, and  the  following  were  the  results. 

L  Fulminating  silver  was  prepared  in  the  usual  way ;  five 
drachms  of  fuming  nitric  acid,  and  five  of  alcohol  were  pour- 
ed over  one  drachm  of  fused  nitrate  of  silver.  When  the 
eficrvescence  and  solution  were  complete,  water  was  added. 
The  precipitate  of  fulminating  silver  was  filtered  off*,  and  all 
the  remaining  acidity  washed  from  it  with  water.  The  li- 
quid which  had  passed  through  the  filter  gave  with  muriatic 
acid  a  copious  precipitate  of  chloride  of  silver.  The  fulmi- 
nating silver,  which  w^as  of  a  whitish  tint,  was  now  subjected 
to  the  following  experiments : 

1 .  When  damp  it  ignited  very  rarely,  and  only  by  a  strong 
blow.  When  dry,  it  explodes  easily,  and  with  a  much  slight- 
er blow. 

2.  When  touched  with  sulphuric  acid,  it  exploded  equally 
strongly,  whether  damp  or  dry. 
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3.  Damp  or  dry,  it  exploded  in  the  fire. 

4.  The  substance  which  remained  after  the  ignition,  was 
of  a  bluish  brilliant  hue  and  a  disagreeable  metallic  taste.  I 
could  gather  but  little,  which,  dissolved  in  water,  produced  a 
faint  red  tint  on  litmus  paper. 

6.  I  failed  in  several  attempts  to  ignite  gun-powder  with 
the  fulminating  silver.  I  therefore  put  quantities  of  the  size 
of  a  small  pin's  head,  into  some  copper  boxes,  fastening  it  in 
some  with  tincture  of  benzoin,  in  others  with  a  solution 
of  gum  arable  in  water;  and  others  I  tried  to  press  on  the 
bottom  without  any  other  aid.  I  applied  them  to  guns  pre- 
pared for  the  use  of  igniting-boxes,  and  thus  kindled  the  gun- 
powder with  incredible  swiftness.  The  series  of  experiments 
thus  made  in  the  presence  of  Professor  Schweigger,  leave 
no  doubt  that  fulminating  silver  will  easily  ignite  gun-powder 
in  a  mannner  that  will  secure  it  against  a  rapid  dispersion  on 
exploding. 

II.  The  fulminating  mercury  was  prepared  in  the  manner 
prescribed  by  Mr  Wright.  But  I  must  observe  that  the  ex- 
periment only  succeeded  by  the  application  of  fuming  nitric 
acid.  The  fulminating  mercury,  when  obtained,  was  washed 
till  every  particle  of  acidity  had  disappeared  from  it.  It 
was  then  submitted  to  the  following  experiments : 

1.  When  dry,  it  exploded  like  fulminating  silver,  and  with 
a  much  slighter  blow  than  required  for  the  powder  made  of 
chlorate  of  potash.  Thus  it  would  appear  as  if  the  fulminat- 
ing quicksilver  had  not  in  this  respect  the  advantage  over 
the  igniting  powder  made  with  the  salt  just  named. 

2.  When  perfectly  dry  only,  it  could  be  ignited  with  sul- 
phuric acid. 

3.  In  the  fire  it  exploded,  both  wet  and  dry. 

4.  The  substance  remaining  afler  the  explosion,  had  a 
bluish  brilliant  tint  and  a  bitter  acid  metallic  taste.  With  a 
small  quantity  dissolved  in  water,  litmus  paper  was  slightly 
reddened.  I  made  no  further  investigation,  inasmuch  as  the 
examination  of  the  acids  of  fulminating  metals,  before  and 
after  the  explosion,  was  not  my  object ;  especially  since  Dr 
Liebig  has  lately  published  a  series  of  very  interesting  ex- 
periments, the  repetition  of  which  would  require  very  exten- 
sive labour.*    Liebig  calls  those  acids  fulminic  acids,  which 


*  Vide  Ann.  d$  CMm.  ei  de  Phys.  ]>art  xxiv.  p.  294,  or  the  translation  in  Gilbert** 
Amalett  der  Pkys.  part  Ixxv.  p.  393 — 422.  Mr  Liebig  found  that  Bmgnatelli's  deto- 
natiDg  silyer  was  dissolved  in  lime-water  or  solutions  of  the  caustic  aliialies,  whereby 
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being  the  property  of  all  metals,  he  distinguishes  into  silver 
and  mercury  fulminic  acids,  &c. 

The  great  advantages,  however,  of  the  fulminating  quick- 
silver as  igniting  powder,  extolled  by  Mr  Wright,  1  did  not 
find  confirmed ;  although  I  proceeded  to  fill  coppt  r  boxes, 
as  I  had  done  with  the  detonating  silver,  which  all  ignited 
the  charge. 

III.  1  also  submitted  to  experiment  the  first-named  mixture, 
principally  consisting  of  chlorate  of  potash  ;  and  found 

1.  That  it  exploded  only  by  a  hard  blow.  Its  eflVcts  were 
much  less  than  those  of  the  detonating  silver  or  quicksilver* 
Mr  Wright,  indeed,  says  the  contrary  of  the  latter;  it  seems, 
therefore,  that  I  used  a  better  kind  of  fulminating  mercury ; 
but  for  that  very  reason  I  must  give  the  chlorate  of  p<»tash 
the  preference  for  practical  use. 

2.  In  the  fire  it  pufied  away  like  gunpowder. 

3.  The  substance  remaining  after  the  explosion  is  blackish 
and  dusty,  and  contains  less  of  acidity  than  that  left  by  the 
quicksilver.  Thus,  and  indeed  from  all  my  experiments,  it 
is  evident  that  it  oxidizes  the  iron  less  than  the  fulminating 
mercury.  Moisture  is  also  left  by  the  latter ;  and  the  char- 
coal left  by  the  mixture  of  chlorate  of  potash,  after  kindling 
a  copper  box  filled  with  it,  is  very  unimportant : — therefore 
this  mixture  is  preferable  as  an  igniting  powder.  This  is  also 
the  reason  why  the  manufacturers  no  longer  use  the  fulminat- 
ing quicksilver.  I  know  one  who  makes  and  fills  weekly  seve- 
ral thousands  of  copper  caps,  for  which  he  uses  the  chlorate 


31,25  per  cent  of  oxide  of  silver  was  deposited.  They  produce  peculiar  iaJts,  called 
fulminate*,  which  explode  with  great  violence.  These  salts  are  dissolved  by  nitric 
acid,  sulphuric  acid,  and  acetic  acid  ;  the  silver  fulminic  acid  contained  in  them,  and 
so  difficult  to  be  dissolved,  is  deposited;  and  by  healing  a  solution  of  fulminate  of  lime 
to  the  boiling  point,  and  adding  a  moderate  quantity  of  nitric  acid  is  deposited,  on 
cooling,  at  the  bottom  of  the  vessel,  in  the  shape  of  lon^  white  crystals.  This  acid 
may  be  easily  disftolved  in  boiling  water ;  from  which  it  crystallizes  again  in  cool- 
ing, has  a  disgusting  metallic  taste,  and  reddens  litmus  paper.  But  it  cannot  subsist  of 
itself  without  combination  with  n  metal ;  and  in  the  same  manner  as  there  are  prussic 
acids  of  iron,  copper,  silver,  and  gold,  so  the  fulminic  acid  combines  with  silver, 
quicksilver,  copper,  iron,  zinc,  ice,  into  proper  fulminic  acid,  which  again  form  dif> 
fi^reut  combinations  with  tlie  bases,  e.  g.  potash,  soda,  barytes,  strontian,  lime,  ibc 
Thus,  for  instance,  silver-fulminate  of  potash  cx>nsist8  of  35,03  parts  of  silver-fidminic 
acid  and  14,92  of  potash ;  silver-fulminate  of  soda,  of  88,66  parts  of  sUver-fulminic 
acid  and  11,34  of  alkali.  When  cooling,  Berthollet's  dietonating  silver  forms  grana- 
lar  shining  white  cryfitals.  One  part  of  this  salt  makes  as  violent  a  report  as  three 
parts  of  Howard's  (Brugnatelli's)  fulminating  silver  With  magnesia  the  silver-ful- 
minic  acid  combines  in  two  ways.  One  combination  is  a  simple  decrepitatii^g,  not 
detonating,  insoluble  powder,  of  a  rosy  tint ;  the  other  forms  white  capillary  crystals, 
and  explc^es  very  loudly.  The  first  combination  was  used  for  the  analysis  of  ful- 
mic  acid  in  the  dry  way  ;  in  which  the  fulminating  silver  was  evinced  to  consist  of 
32,^  of  oxygen,  3,22  of  hvdrogen,  11,28  of  azote,  9,68  of  carbon,  and  41  of  silver. 
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mixture,  tbe  preparation  of  which  is  both  less  expensive  and 
less  dangerous  than  that  of  the  fulminating  quicksilver.  There 
is  another  circumstance  attending  this  mixture.  In  filling 
the  capsy  it  will  sometimes  happen  that  the  quantity  put  in 
is  doubled,  which  I  find  is  of  no  injurious  consequence  with 
this  mixture ;  but  might  endanger  the  person  firing  with  the 
fulminating  mercury,  as  the  box  will  burst  too  violently. 

With  respect  to  the  power  of  igniting  the  charge,  the  dif- 
ferent kinds  of  powder  which  I  have  compared  are  equally 
efiTectual. 

IV.  I  submitted  the  mixture  of  chlorate  of  potash  mention- 
ed  above  to  the  following  experiments. 

1 .  That  part  only  ignited  which  was  struck,  without  ignit- 
ing that  lying  around  it. 

2.  In  the  fire  it  burns  away  with  noise. 

3.  I  placed  it  in  the  usual  way  in  copper  caps,  but  could  not 
ignite  a  charge  with  them.  The  cause  of  this  may  be  ex- 
plained by  the  construction  of  the  locks,  with  reference  to  the 
properties  of  this  detonating  powder.  That  part  of  the  cap 
situated  just  above  the  opening  of  the  cylinder  remains,  as 
the  blow  cannot  fall  on  it  unignited,  as  shown  by  the  experi- 
ment No.  !•  But  the  communication  of  the  ignited  part  with 
the  charge,  is  prevented  by  the  manner  in  which  the  cock 
strikes  the  cap.  In  guns  in  which  such  powder  is  used  for 
igniting,  it  lies  as  above  stated,  in  small  balls  in  a  conical 
aperture.  Here  it  is  nearly  all  ignited  by  the  striking  of  the 
cock,  and  must  of  necessity  flow  inwards,  every  other  way 
of  escape  being  shut  up. 

In  conclusion : — I  have  to  add  that  the  method  of  filling 
the  caps  recommended  by  Mr  Wright  is  not  only  laborious, 
but  even  dangerous.  How  are  manufacturers  to  employ  that 
method  when  they  have  to  fill  several  thousands  a  week  ?  I 
have  made  various  trials,  and  the  following  process  seems  to 
me  to  be  the  best. 

Pour  some  adhesive  solution  or  tincture  over  the  powder, 
and  mix  it  into  a  stifiT  kind  of  liquid.  Take  with  a  brush  or 
a  stick  a  large  drop  of  it,  and  apply  it  against  the  bottom  of 
the  cap* 

This  method  is  both  quick  and  free  from  danger ;  whilst 
on  filling  with  the  dry  detonating  powder,  the  least  careless 
touch  may  produce  an  explosion.  ^ 

In  order  to  prevent  the  corrosion  of  the  cylinder,  and  its 
becoming  useless  by  the  formation  of  sulphuret  of  iron  (an 
evil  Very  common  with  iron  touch-holes,  and  caused  more  by 
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the  action  of  the  gtin-powder  than  by  that  of  the  igniting  'SuIh 
stance),  the  inside  of  the  cylinder  should  be  lined  with  a  met- 
al which  will  neither  oxidate  nor  easily  combine  with  the 
ingredients  of  the  powder. 


Art.  XVI. — On  the  Analysis  of  Atmospheric  Air  by  Hydrogen. 
By  John  Dalton,  Esq.  F.  R.  S.  &c.    {Ann.  Philos.) 

According  to  my  promise,  I  transmit  the  results  of  some  late 
experiments  on  the  analysis  of  atmospheric  air  by  hydrogen. 
My  chief  object  was  to  find  under  what  circumstances  the  union 
of  the  oxygen  and  hydrogen,  by  the  electric  spark,  is  com- 
plete, that  is,  so  that  one  or  both  of  the  gases  are  entirely  con- 
sumed ;  and  in  what  cases  either  no  union  takes  place  or  a 
partial  one,  leaving  portions  of  both  gases  still  in  itiixture  in 
the  residue. 

From  a  memoir  of  MM.  Humboldt  and  Gay-Lussac  {Ann. 
de  Chimie^  53,  1805,)  we  learn  that  one  volume  of  hydrogen, 
mixed  with  two  or  nine  volumes  of  oxygen,  gives  the  same 
loss  by  electricity,  namely,  1,46 ;  but  if  mixed  with  9,5  ox- 
ygen, the  loss  is  only  ,68 ;  and  this  loss  diminishes  rapidly, 
till  the  oxygen  becomes  16,  when  there  is  no  loss  at  all* 
They  found  that  if  the  surplus  gas  was  azote  or  carbonic 
acid,  the  loss  was  not  much  different;  but  they  do  not  seem 
to  have  ascertained  this  with  precision. 

It  is  right  to  observe  that  the  hydrogen  I  used  was 
obtained  in  the  usual  way  from  zinc  and  diluted  sulphuric 
acid,  and  was  received  in  bottles  filled  with  as  pure  rain- 
water as  I  could  procure;  the  bottles  were  filled  with 
the  gas,  and  not  more  than  one  third  of  the  gas  of  each 
bottle  was  used ;  the  hydrogen  was  free  from  atmospheric 
air,  except  what  was  expelled  from  the  water  by  the  hydro- 
gen bubbling  into  the  bottle :  this  quantity  of  atmospheric 
air,  however,  must  be  something;  yet  on  firing  10  measures 
of  hydrogen  with  oxygen,  the  diminution  is  usually  14,6 
to  15. 

The  mixtures  of  gases  fired  at  once  were  commonly  about 
150  measures,  each  measure  being  the  volume  of  one  grain 
of  water.  The  eudiometer  has  six  inches  in  length  corres- 
ponderft  to  150  measures,  and  all  the  experiments  were  made 
over  water. 

The  atmospheric  au*  I  mosdy  used  was  procured  in  the 
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conntry,  and  was  found  by  frequent  trials  to  contain  almost 
exactly  21  per  cent,  of  oxygen.  This  is  not  the  case  at  all 
times.  I  once  found  the  oxygen  as  high  as  21,15  per  cent, 
from  an  average  of  many  experiments ;  it  was  on  the  8th  of 
January  last,  when  the  barometer  was  30,9,  wind  N.E.  and 
yery  moderate,  after  three  days  of  calm  and  gentle  frost. 
But  the  general  state  of  the  atmosphere  yields  only  20,7  or 
20,8  per  cent,  of  oxygen.  All  the  results  below  must  be 
considered  as  averages  of  four  or  five  experiments. 

Tabular  Arrangement  of  the  Exptriments* 


Azote. 

Hydr. 

Measures. 

1   to  14,0    = 

(3,76  +  10,24, 

Does  not  explode 

1         13,0    = 

(3,76  +    9,24) 

Fires  imperfect 

Loss  2,7....0  h  h 

1         12,0  — 

(3.76  +    8,24) 

"    perfect 

"     3,0..  .0      h 

1         11,0    = 

(3,76  H 

-    1,24; 

c( 

'«     3,0...,0      h 

1        10,0  j= 

(3,76  - 

r    fi***) 

u 

"     3,0....O      h 

1           9,0  ;z= 

(3,76  - 

-    6,24) 

(c 

«     3,0....0      h 

1           8,0    = 

(3,76  . 
(3,76  - 

-    '»,24) 

u 

"     3,0....0      h 

1           7,0    = 

-    3,24) 

u 

"     3,0....0      h 

1           6,0 

= 

(3,76  - 

h    2,24) 

M 

«     3,0....0      h 

1           5,86 

izr 

(3,76  . 

-    2.10) 

<« 

"     3,0....0      D 

1           5,76 

nn 

(3,76  H 

-    2,00) 

l( 

«*     3,0....0      0 

Hjdr. 

Oxg. 

or  1          2,38 

ZIZ 

(1,88  - 

h    0,6) 

(( 

"       If...            0 

1          3,001= 

(2,37  - 

-    0,63) 

(( 

'*        If...              0 

1          4,00|= 

(3,16  - 

-    0,84) 

C( 

"       If...              0 

1           5,00.= 

(3,95  H 

-     1,05) 

4( 

«       If...              0 

1           6,00,= 

(4,74  - 

-    1,26) 

"  rather  imper. 

''       If...             0 

1           7,00,- 

(5,53  - 

-    1,47) 

"    imperfect 

"    1,0...,0       h 

1           8,00  = 

(6.32  H 

-    1,68) 

(( 

«    1,0....0       h 

1           9,00j= 

(7,11  - 

-    1,89) 

(( 

*i  0,75....0       h 

1         10.00  = 

(7,90  - 

-    2,10) 

u 

'*  0,60.. ..0       h 

1         11,00  — 

(8,69  - 

-    2,31) 

li 

"  0,45....0      h 

1         12,00  — 

(9,48  - 

-    2,62) 

(( 

"  0,30....0       h 

1         13,00 

— 

(10,27  - 

-    2,73) 

u 

"  0,20....0       h 

1         14,00 

iz: 

(11,06  - 

\-    2,94) 

Does  not  fire  some- 
times ;  fires  at  others. 

«*  0,20....0       h 

N.  B.  Those  experiments  marked  h  denote  that  hydrogen 
remained  in  the  residue  after  detonation;  those  marked  o 
denote  oxygen  ;  and  that  marked  n  denotes  that  neither  of 
the  two  was  found. 
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direction  of  that  point  in  the  heavens,  to  which  the  magnetic 
needle  is  directed,  when  suspended  by  its  centre  of  gravity,  in 
such  a  manner  as  to  admit  of  its  taking  its  position  freely,  in 
obedience  to  the  resultant  of  the  magnetic  forces  exerted 
upon  it  by  the  terrestrial  globe.  I  have  myself^  had  an  op- 
portunity of  verifying  most  of  the  particulars  here  mentioned 
in  the  case  of  a  very  large  aurora  borealis,  which  was  visi- 
ble on  the  27th  of  August,  1817,  during  my  visit  to  the  Shet- 
land Islands. 

We  first  saw  in  the  northeastern  parts  of  the  horizon,  sev- 
eral slender  jets  of  light,  which,  having  attained  a  little  ele- 
vation, continued  to  shine  for  some  time  and  then  vanished  ; 
but  in  about  an  hour  and  a  half  afterwards  they  re-appeared 
in  the  same  region  of  the  heavens,  and  were  now  much  strong- 
eri  more  brilliant,  and  more  extended.     Very  soon  a  regular 
arc  resembling  a  rainbow  bc^gan  to  present  itself  just  above  the 
horizon.     It  was  at  first  incomplete,  but  gradually  increased; 
and  after  some  moments,  I  saw  the  other  part  approaching 
from  the  west,  and  upon  being  formed,  it  ascended  instanta- 
neously, accompanied   by  a  multitude  of  jets  of  light  which 
rushca  towards  it  from  all  parts  of  the  northern  horizon ;  then 
the  summit  of  the  curvature  rose  almost  to  the  zenith.     This 
arc  was  at  first  wavering  and  unsettled,  as  if  its  component 
parts  had  not  taken  a  stable  position ;  but  very  soon  the  agi- 
tation entirely  ceased,  and  it  remained  in  undisturbed  beauty 
for  more  than  an  hoiir,  having  only  a  progressive  motion,  and 
that  almost  insensible,  towards  the  southeast,  whither  it  seem- 
ed to  be  carried   by  a  gentle  north  western  breeze  that  was 
then  blowing.     So  that  I  had  sufficient  time  to  examine  it, 
and  to  fix  its  limits  and  posr( ion  with  the  circle  used  in  my 
astronomical  observations.     I  found  that  it  comprehended  a 
portion  of  the  horizon  amounting  to  128^  42',  and  that  its 
centre  was  situated  exactly  in  the  direction  of  the  magnetic 
needle.     The  whole  region  of  the  atmosphere  embraced  by 
this  arc  in  the  north-western  part  of  the- heavens,  was  inces- 
santly traversed  in  all  directions  by  luminous  jets,  whose  diffe- 
rent forms,  motions,colours,  and  durations,  engrossed  my  imag- 
ination no  less  than  my  senses.     Most  frequently,  each  jet  at 
its  first  appearance  was  a  mere  stream  of  whitish  light  j  its 
size  and  brightness  rapidly  increased,  and  it  occasionally 
presented  some  very  'singular  variations  of  direction  and  cur- 
vature-    When  completely  developed,  it  contracted  into  a 
slender  rectilineal   thread,  for   the  most  part,  exceedingly 
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Williant,  and  tinged  with  a  very  deep  red  colour.  After  this 
it  grew  fainter  and  fainter  till  it  finally  vanished,  often  at  the 
very  place  where  it  first  appeared.  The  long  continuance 
of  many  jets  in  the  same  apparent  place,  considered  in  con- 
;aection  with  the  infinity  of  shades  assumed  by  them,  seems 
to  prove,  that  the  light  is  not  reflected,  but  direct,  and  that  it 
is  actually  developed  in  the  place  where  it  is  first  seen ;  be- 
sides, I  have  not  been  able  to  discover  in  it  the  least  trace  of 
those  physical  properties  which  characterize  reflected  light; 
and  which  are  designated  by  ihh  ienn  polarization.  All  these 
&*esand  even  the  arch  that  comprehends  them,  occupy  a  region 
moreeievated  than  the  clouds ;  since  the  clouds  themselves  in- 
tercept them;  and  the  edges  of  these  clouds  were  actually  or 
seemed  to  be  tinged  with  light.  The  moon,  which  had  then 
reached  a  considerable  elevation  above  the  horizon,  shed  her 
lustre  also  on  this  imposing  scene,  and  the  tranquility  of  her 
silver  light  formed  a  most  agreeable  contrast  with  those  vivid 
corruscations  with  which  the  atmosphere  was  inundated. 

Having  now  given  a  view  of  the  principal  circumstances 
attending  this  phenomenon,  we  propose  to  deduce  from  them 
the  conoitions  of  its  existence ;  and  the  first  thing  to  be  de- 
termined is,  whether  it  exists  in  our  atmosphere  or  beyo»d 
it.  There  is  a  simple  method  of  settling  this  question*  If  it 
he  beyond  the  atmosphere,  it  must  be  independent  of  the 
diurnal  rotation  of  the  earth ;  and  therefore  its  jets  of  fire, 
its  arcs,  its  luminous  crowns,  must  follow  the  general  course 
of  the  stars  from  east  to  west,  and  seem  like  them  to  turn 
about  the  celestial  poles.  On  the  contrary,  if  the  meteor 
belongs  to  our  atmosphere  it  should  partake  of  the  common 
motion  which  the  rotation  of  our  globe  communicates  to  all 
terrestrial  bodies,  even  to  the  clouds ;  it  should  then  ap- 
pear to  be  immovable  with  respect  to  these  bodies,  or  at 
least  to  undergo  only  accidental  disturbances  like  the  clouds 
themselves.  All  observations  unite  in  establishing  the  lat- 
ter supposition ;  and  the  length  of  time  during  which  the  me- 
teor, observed  by  me  at  the  Shethnd  Islands,  continued, 
would,  if  necessary,  afford  a  fresh  confirmation. 

We  may  then  consider  it  as  an  established  fact,  that  the 
phenomenon  of  the  aurora  borealis  takes  place  in  our  atmos- 
phere. But,  as  is  well  known,  elevated  objects  when  seen  at 
a  distance  through  the  atmosphere,  are  apt  to  produce  many 
optical  illusions.  For  example,  all  the  stars  seem  to  us  at- 
tached to  the  concave  part  of  the  same  spherical  surface  or 
dome ;  although  their  distances  are  infinitely  various.     The 
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vast  trains  of  luminous  vapour  which  form  the  tails  of  the 
comets,  seem  also  to  apply  themselves  to  this  dome,  although 
in  reality  they  stretch  into  space  in  rectilineal  directions* 
By  another  illusion,  when  the  sun  is  partially  concealed  be- 
hind a  mass  of  clouds,  and  emits  rays  of  light  through  the 
openings  of  these  clouds,  the  rays,  although  actually  parallel, 
appear  to  converge  towards  the  point  of  the  heavens  where 
the  sun  is.  These  general  laws  of  perspective  must  affect, 
in  like  manner,  the  appearance  of  the  luminous  jets  emitted 
by  the  meteor  in  question,  and  must  be  taken  into  considera- 
tion in  our  attempts  to  explain  them.  But  from  whatever 
situation  these  jets  are  observed,  they  always  seem  to  des- 
cribe arcs  of  great  circles  on  the  celestial  dome,  and  to  con- 
verge towards  that  part  of  the  heavens  to  which  the  needle 
points  when  perfectly  free.  Whence  we  conclude,  that  they 
are  in  r«!ality  cylindrical,  and  parallel  to  the  direction  of  the 
needle.  But  each  jet  presents,  moreover,  great  varieties  of 
size  and  lustre,  from  which  we  are  led  to  believe  that  they 
are,  in  fact,  composed  of  a  great  number  of  shorter  cylinders 
independent  of  each  other,  and  in  part  piled  one  above  anoth- 
er. As  these  indications  are  noticed  throughout  the  whole 
region  of  space  where  the  meteor  is  visible,  we  may  conclude, 
with  geometrical  rigour,  that  it  consists  of  a  forest  of  lumin- 
ous columns,  all  parallel  to  the  resultant  of  the  magnetic  forc- 
es, and  of  course  for  short  distances  parallel  to  each  other, 
and  suspended  at  nearly  equal  heights  on  different  sides  of 
the  horizon.  These  columns  being  situated  at  different  dis- 
tances from  the  observer,  must,  by  the  perspective  effect,  ap- 
pear to  be  raised  to  different  heights.  They  must  also  mu- 
tually cover  each  other,  and  appear  to  project  one  over  the 
other,  especially  when,  being  seen  near  the  horizon,  the  vis- 
ual rays  proceeding  from  them  are  nearly  perpendicular  to 
their  length  ;  but  after  attaining  such  an  elevation  that  their 
intermediate  spaces  may  be  seen,  they  must  appear  to  sepa- 
rate ;  if  then  a  certain  number  of  them  be  simultaneously 
transported  over  the  head  of  the  observer,  in  such  a  manner 
as  to  pass  by  the  point  of  the  heavens  to  which  the  magnetic 
needle,  parallel  to  them  directs  itself,  the  projection  of  all 
these  columns  on  the  celestial  dome,  will  form  about  this 
point  a  luminous  crown,  the  divergent  rays  of  which  will 
seem  to  descend  on  all  sides  toward  the  horizon,  till  they 
arrive  at  the  apparent  height  at  which  the  meteoric  columns 
will  have  descended  by  the  effect  of  the  progressive  motion* 
This  constitution  of  the  meteor,  which  has  been  deduced 


On  the  Aurora  Borealis.  1 49 

from  optical  considerations,  is  rendered  probable  by  many 
curious  farts,  which  different  observers  have  had  occasion  to 
notice,  and  which  have  a  relation  to  the  positions  which  these 
different  parts  of  the  meteor  happened  accidentally  to  have 
with  respect  to  them. 

For  example,  when  the  meteoric  colonnade,  already  illu- 
minated, is  situated  entirely  in  the  horizon  exactly  north  of 
the  observer,  if  it  happens  to  be  transported  in  a  southerly  di* 
rection,  and  in  consequence  to  approach  the  observer,  without 
any  disappearance,  or  change  of  arrangement,  of  the  columns 
composing  it,  we  ought  to  expect  the  same  optical  effect  which 
is  presented  by  the  trees  of  a  forest  when  we  approach  them ; 
that  is,  the  columns  situated  eastward  will  separate  toward  the 
east,  and  the  columns*  situated  westward  of  the  plane  of  the 
magnetic  meridian,  will  appear  to  separate  toward  the  west, 
while  those  which  are  in  this  meridian  will  appear  to  be  sta- 
tionary, or  at  least  only  to  ascend  directly  towards  the  ze- 
nith* This  appearance  was  attentively  observed  by  F.  C. 
Mayer,  at  Petersburg,  in  a  large  aurora  borealis,  which  was 
seen  on  the  16th  of  Sept.  1726.  I  will  quote  his  very  lan- 
guage, observing  that  by  the  word  "  ti*abs,"  he  designates  a 
vertical  jet,  or  one  of  our  luminous  columns.  He  first  des* 
eribes  the  formation  of  an  arc,  whose  summit  was  not  direct- 
ed exactly  to  the  north,  but  which  had  a  very  considerable 
declination  to  the  west.  He  then  adds,  **  Motus  trabium  mi- 
nis erat ;  quae  enim  in  occidentali  arcus  parte  extabant^  ver- 
sus occidentum  ferebantur;  ad  ortentem  ferebantur,  qusB  in 
orientali  arcus  parte  sitae  erant ;  boreales  autem  trabes  sta- 
bant  immobiles.  Ex  hoc  phaenomeno  intellexi  lucem  moveri 
ex  nord-west  versus  verticeiii  meum,  id  quod  sequentibus 
phaenomenis  confirmatum  est.''  It  will  be  seen  that  Mayer 
has  deduced  precisely  the  consequences  which  are  required 
by  the  rules  of  perspective. 

Another  .case  which  may  sometimes  present  itself,  although 
very  rarely,  occurs  when  the  illumination  of  the  meteoric 
colonnade,  seemingly  accidental,  appears  for  some  time  to 
take  place  only  over  a  certain  number  of  the  columns  which 
compose  it.  Then  if  these  columns  are  placed  at  sufficient 
distances  from  each  other,  we  may  have  an  opportunity  of 
examining  them  singly.  This  opportunity  was  afforded  by  the 
remarkable  aurora  borealis  of  1716,  an  account  of  which 
may  be  found  in  the  memoir  of  Dr  Halley,  (Phil.  Trans.  347, 
p.  41 1 ,  41 5.)  Small  columns  of  equal  lenghts  and  parallel  to 
etch  other  were  distinctly  seen  separate  in  a  portion  of  the 
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heavens  surrounded  by  two  lumiDious  and  almost  horizontal 
belts*  An  account  of  a  like  phenomenon  may  also  be  found 
in  another  memoir  of  Dr  Halley,  (Phil.  Trans.  No.  363,  p. 
1099,  for  the  year  1719.)  He  there  relates,  that  from  tiaie  to 
time,  there  appeared  in  the  air  at  a  great  height  collections 
ef  columns,  or  co-ordinate  luminous  beams,  resembling  the 
pipes  of  an  organ,  which  presented  themselves  to  view  as 
suddenly  as  if  a  curtain  had  been  drawn  from  before  thenu 
Indeed,  if  any  one  will  undertake  to  read  ihe  numerous  ac- 
counts of  this  meteor  which  have  been  furnished  by  those 
who  have  visited  the  northern  regions,  he  will  find  a  mass  of 
facts  which  perfectly  answer  to  the  constitution  of  the  meteor 
as  deduced  by  us  from  the  laws  of  perspective,  and  he  will  not 
meet  with  any  thing  opposed  to  our  conclusions.  A  full  state- 
ment of  these  geometrical  deductions  has  been  given  by  Dal- 
ton,  probably  without  being  aware  that  they  had  been  obtained 
already  by  Cotes,  in  1716,  the  person  of  whom  Newton  said, 
tliat  ^^  if  he  had  lived,  we  should  have  known  something ;"  and 
that  they  had  since  been  adopted  by  Cavendish,  the  most 
severe  and  cautious  of  all  philosophers.  I  have  made  this 
remark  in  order  to  show  that  they  may  be  rf^garded  as  rig- 
•rous. 

After  having  given  a  general  description  of  the  meteor,  one 
of  the  most  essential  circumstances  to  be  determined  is  its 
elevation.  Attempts  have  been  made  without  number  to  as^ 
certain  this  point,  by  the  aid  of  the  same  processes  which 
geometry  afibrds  for  measuring  the  distances  of  inaccessible 
objects;  that  is,  by  observing  in  different  places,  at  the  same 
time,  the  position  of  the  same  part  of  the  meteor.  But  the 
difficulty  of  obtaining  this  perfect  identity  as  to  time  and 
point  of  the  object,  renders  the  application  of  the  method 
very 'uncertain;  and  accordingly  the  results  obtained  by  it 
assign  to  the  meteor  uncertain  heights,  varying,  in  some  cas- 
es, from  twenty  to  more  than  one  hundred  leagues.  Still 
more  uncertain*y  prevails  with  respect  to  the  length  of  the 
meteoric  columns,  which  some  have  attempted  to  measure  by 
like  processes.  If,  in  fine,  the  estimates  made  under  certain 
favorable  circumstances  appear  worthy  of  confidence,  it 
may  be  urged,  T  think,  that  they  are  not  general ;  and  that 
in  certain  cases  at  least,  the  meteor  descends  much  lower 
than  we  should  thus  be  led  to  suppose.  This  seems  probable 
from  the  quick  and  continual  agitation  of  the  phosphoric  jets^ 
the  simultaneous  progressive  motions  of  the  arcs,  like  that 
which  a  gentle  breeze  might  be  expected  to  give  them,  th^ 
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slow  and  regular  transfer  of  those  fleecy  portions  of  phosphor 
ric  matter,  which  travellers  in  the  nortaern  regions  assure 
us  tbej  have  often  seen  floating  separately  in  the  atmosphere ; 
and  I  myself  saw  a  like  phenomenon  at  the  Shetland  Islands, 
the  6th  of  Se|jtembcr,  ]817.  It  was  a  dense  cloud  which 
slowly  ascended  above  the  horizon  from  the  north-east.  Its 
sides  were  the  centres  of  a  phosphoric  light  which  seemed  at 
one  time  to  remain  behind  till  it  was  extinguished,  at  another 
to  break  forth  and  illuminate  the  edges  oi  the  cloud.  I  can 
give  no  better  idea  of  this  phosphorescent  appearance,  than 
by  comparing  it  to  the  dark  clouds  of  our  theatres  when  illu- 
mined by  lamps  from  behind.  Yet  for  some  moments  I  ob- 
served on  its  inferior  surface  a  small  spot  where  the  light 
seemed  to  intervene  between  it  and  me.  This  cloud,  havmg 
attained  a  height  of  about  45^,  remained  for  some  time  sta- 
tionary, and  then  gently  moved  to  the  west,  still  retaining 
its  phosphorescence ;  some  jets  of  light  also,  proceeding  from 
the  northern  horizon,  inclined  towards  the  west,  as  if  a  wind 
in  the  higher  regions  of  the  atmosphere,  coming  from  the 
south-east,  was  transporting  the  meteor  to  other  countries. 
Similar  phenomena  presented  themselves  on  the  14th  of  Sep- 
tember. These  observations,  from  which  we  may  infer, th^t 
the  aurora  borealis  belongs  to  the  region  of  the  higher  clouds, 
seem  to  me  to  render  probable  an  opinion  generally  preva- 
lent in  all  northern  countries,  which  is,  that  the  aurora  bore- 
alis, when  very  vivid,  is  accompanied  with  a  considerable 
ooise^  and  in  some  cases  with  one  of  great  violence.  I  am 
well  aware  how  little  reliance  is  to  be  placed  on  common 
opinion  under  circumstances  calculated  to  inspire  terror,  or 
when  influenced  by  the  frightful  appearance  of  rapid  and  un- 
expected commotions ;  but  the  assertions  thus  made,  like  all 
others,  possess  a  degree  of  credibility ;  and  if  it  is  unphilo- 
sophical  to  believe  without  proof,  it  is  equally  so  to  reject 
without  examinatiofl.  Let  a  person  apply  himself  for  thirty 
years  to  the  study  of  what  are  called  popular  prejudices,  and 
1  doubt  not  his  labours  would  be  rewarded  by  many  valuable 
discoveries.  If  any  one  will  inquire  without  bias  or  prepos- 
session into  the  reality  of  the  sounds  alleged  to  proceed  from 
the  aurora  borealis,  I  am  persuaded  that  he  will  not  hesitate 
to  adopt  the  common  opinion,  so  striking  is  the  coincidence 
of  testimony  on  this  subject.  The  distinguished  natural  phi- 
losopher Muschenbroek,  who  wrote  about  the  middle  of  the 
last  century,  reports,  that  this  fact  is  generally  affirmed  by 
sailors  employed  in  the  whale  fishery  on  the  coast  of  Green- 
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land.  Gmelin,  in  his  account  of  Siberia,  expresses  himself 
in  still  mare  decided  language ;  after  speaking  of  the  great 
splendor  of  the  aurora  borealis,  as  presented  in  these  coun- 
tries, he  adds ;  "  However  beautiful  this  spectacle  may  be, 
I  think  it  wilt  be  impossible  to  contemplate  it  for  the  first 
time,  without  emotions  of  terror;  so  constantly  is  it  accom« 
panied,  as  I  have  been  informed  by  several  mtelligent  per- 
sons, with  noises  like  those  hissings  and  cracklings  produced 
by  very  large  fireworks.  The  hunters  who  go  in  search  of 
the  blue  fox  to  the  confines  of  the  Frozen  Ocean,  are  fre- 
quently surprised  by  the  unexpected  appearance  of  this  me- 
teor ;  their  dogs  are  frightenea  by  it  to  such  a  degree  that 
they  cannot  be  kept  from  stopping  and  lying  on  the  earth 
until  the  noise  has  ceased."  There  is  a  phrase  belonging  to 
the  language  of  this  country,  used  solely  to  express  the  terror 
which  this  phenomenon  occasions.  Gmelin  adds,  that  there 
•was  a  unanimous  voice  in  support  of  what  is  here  stated.  I 
can  affirm,  moreover,  that  among  the  inhabitants  of  the  Shet- 
land Islands,  the  testimony  is  no  less  full  and  complete,  al- 
though they  do  not  speak  of  so  loud  a  noise ;  a  difference  to 
be  attributed  undoubtedly  to  the  less  northern  situation  of 
these  islands.  M.  Edmonston,  who,  like  myself,  was  unac- 
quainted with  the  passage  just  quoted  from  the  work  of  Gme- 
lin, described  to  me  the  noise  occasioned  by  the  aurora  bore- 
alis in  very  similar  terms,  giving  me  to  understand  that  he 
had  very  frequently  heard  it  himself;  he  thought  it  most  like 
the  noise  proceeding  from  a  large  fire.  I  did  not  have  an 
opportunity  of  observing  it  during  the  appearance  of  the 
meteor  when  1  was  at  Unst,  as  the  sea  then  roared  with  great 
violence  on  the  side  of  the  island  where  I  was.  In  fine,  the 
inhabitants  spoke  only  of  having  heard  the  noise  of  the  mete»' 
or,  when  the  phosphoric  jets  are  very  numerous,  and  when 
they  cross  and  intermingle  with  the  greatest  activity.  For 
the  truth  of  what  is  here  alleged,  we  may  appeal  with  confi- 
dence to  the  whole  population  of  the  Shetland  Islands;  hard- 
ly a  person  is  to  be  found  who  will  deny  having  heard  this 
noise ;  we  do  not  however  depend  on  assertion  merely ;  it  is 
tlescribed  in  the  same  manner  by  different  persons,  without 
their  once  imagining  that  there  can  be  any  doubt  about  it* 
The  phenomenon  seems  to  be  mucli  more  brilliant  a  few 
degrees  nearer  the  pole.  M.  Edmonston,  in  an  account 
of  the  appearance  of  a  large  aurora  borealis  which  he  observ- 
ed at  Unst  on  the  1st  of  November,  1818,  has  afforded  me  a 
striking  example  of  this  difiUrence.    ^'I  am  bow  in  compa- 
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ny^^  says  he,  **  with  two  credible  persons,  who  on  a  voyage 
from  London  to  the  Shetland  Islands,  were  diiven  by  winds 
to  the  latitude  of  63^^,  near  the  northernmost  point  of 
the  islands.  While  they  were  in  this  latitude  an  aurora  bore- 
alis  appeared ;  the  noise  with  which  it  was  accompanied  was 
such  that  the  sailors  were  afraid  to  remain  on  deck  j  and  it 
sent  forth  so  strong  a  light,  that  we  were  able  to  observe  the 
compass  by  it.'*  It  seems  probable  after  this  mass  of  testi- 
mony, that  the  meteor  sometimes  descends  so  low  as  to 
allow  us  to  hear  the  noise  proceeding  from  it.  It  has  even 
been  affirmed  by  Bergmann,  that  persons  travelling  over  the 
Norwegian  Alps  have  been  enveloped  in  it,  and  have  per- 
ceived a  strong  smell  of  sulphur,  supposed  to  come  from  it^ 
Having  thus  collected  the  several  particulars  belonging 
to  the  aurora  borealis,  in  doing  which,  I  have  endeavoured 
to  exclude  every  thing  of  a  hypothetical  nature,  we  may  con- 
sider this  meteor  as  consisting  of  real  clouds,  proceeding  usual- 
ly from  the  north,  and  composed  of  some  very  light  substances 
or  at  least  of  some  substance  so  finely  ))ulverized  as  to  be  capa- 
ble of  floating  a  long  time  in  the  atmosphere,  endued  with  the 
J  property  of  occasionally  becoming  luminous ;  and  especially 
which  is  very  important)  sensible  to  terrestrial  magnetism, 
and  spontaneously  aiTanging  themselves  in  columns  which 
turn  towards  the  earth,  as  real  magnetic  needles  would  do. 
But  of  all  terrestrial  substances  only  the  metals,  so  far  as  we 
inow,  are  in  any  considerable  degree  susceptible  of  magne- 
tism. It  is  then  probable,  that  the  columns  of  the  meteor  are 
at  least  in  a  great  measure  composed  of  metallic  particles  re- 
duced to  powder  of  extreme  fineness.  But  this  conclusion 
leads  also  to  another ;  we  know  that  all  known  metals  are 
excellent  conductors  of  electricity.  Now  the  different  strata 
of  which  the  atmosphere  is  composed  are  usually  charged 
with  very  unequal  quantities  of  electricity;  for  if,  when  the 
atmosphere  is  most  serene,  we  raise  a  paper  kite  with  a  me- 
tallic string,  we  may  observe  at  the  end  of  the  string  signs  of 
electricity,  ordinarily  of  the  vitreous  kind ;  and  if,  on  the 
other  hand,  having  ascended  in  a  balloon,  we  let  fall  below 
the  car  a  wire  whose  inferior  extremity  shall  reach  the  low- 
er, strata,  of  the  atmosphere,  we  shall  find,  as  has  been  ob- 
served by  M.  Gay-Lussac  and  myself,  that  the  superior  end 
of  the  wire  gives  indications  of  resinous  electricity.  Accord- 
ingly, if  columns  consisting  in  part  of  metallic  substances,  are 
suspended  in  nearly  a  vertical  position  in  the  atmosphere, 
tike  the  columns  of  the  aurora  borealis  when  they  float  over 
Bost.  Jour.  JSTw.  *  Dec.  1825.         20 
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regions  adjacent  to  the  pole,  the  electricity  of  the  ^Lmoq^tii 
ic  strata  at  th^  summit  and  base  of  the  colnmns  will  find  in 
them  so  many  conductors  more  or  less  perfect ;  and  tf  this 
tendency  of  electricity  to  diffuse  itself  uniformly  is  sufficient 
to  overcome  the  resistance  arising  from  the  imperfect  con* 
dueling  power  of  the  columns,  it  will  flow  along  these  columns^ 
illuminating  its  path,  as  is  often  observed  in  conductors  which 
are  not  continuous.  When  this  passage  takes  place  in  the 
higher  regions  of  the  atofiosphere  where  the  air,  on  account 
of  its  rarity,  offers  very  little  resistance,  the  electricity  will 
.flow  on  silently  with  ail  those  variations  of  lisht  which  we 
observe  in  exhausted  tubes.  But  if  it  extends  itself  to  the 
inferior  strata,  it  roust  necessarily  occasion  such  hissing  and 
crackling  noises,  as  are  found  to  accompany  the  aurora  bo< 
tealis,  when  it  descends  near  the  surface  of  the  earth.  In 
fine,  as  the  meteor  is  visible  only  by  means  of  this  accidental 
circumstance,  there  is  reason  to  believe  that  it  may  exist  in 
the  air  and  exert  an  influence  over  the  magnetic  needle  with- 
out being  perceived ;  it  is  also  very  possible  that  it  may  be 
bright  in  some  places  and  obscure  in  others ;  while  under  ccir- 
tain  circumstances  the  disturbance  of  the  electric  equilibrium 
being  sudden  and  general,  the  whole  meteoric  colonnade  may 
be  instantaneously  illuminated.  These  phenomena  must  be 
less  striking  as  the  meteor  advances  over  the  more  southern 
countries,  not  only  because  it  has  then  extended  itself  more 
widely,  but  especially  because  the  conducting  columns,  aN 
ways  conforming  to  the  direction  of  the  magnetic  needle,  will 
become  more  and  more  horizontal,  and  will  have  their  two 
extremities  in  atmospheric  strata  less  distant,  and  therefore 
less  unequal  with  respect  to  the  quantities  of  electricity  with 
which  they  are  charged;  a  greater  humidity  also  which 
prevails  in  the  lower  latitudes  is  favourable  to  a  fi*equent 
discbarge. 

All  these  results,  agreeing  so  exactly  with  what  we  have 
collected  from  actual  observation,  it  will  be  seen,  depend 
solely  on  the  idea,  that  the  columns  of  which  the  aurora  bo^ 
realis  is  constituted,  are  partly,  at  least  of  a  metallic  nature* 
This  agreement  with  known  pnenomena  considerably  rncreas- 
els  the  probability  of  the  supposition  to  which  We  were  pre- 
viously led  by  the  magnetism  of  the  meteoric  columns ;  the 
•mutual  connection  and  intimate  dependance,  thus  easily  es* 
tablisbed  between  phenomena  so  numerous,  and,  at  first  view^ 
fio  remote,  give  an  air  of  reality  to  the  whole,  seldom  to  be 
net  with  in  physical  theories  which  have  not  the  basis  of 
established  fact. 
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But,  indepe&dently  of  the  luminous  jets  which  maj  thus 
be  produced  by  the  simple  passage  of  electricity  along  the 
metallic  columns^  a  passage  which  in  virtue  of  a  property 
lately  discovered,  might  of  itself  be  sufficient  to  magnetize 
these  columns ;  we  can  hardly  help  considering  the  phenom« 
txm  in  question  as  proceeding  from  an  actual  combustion  in 
the  phosphoric  clouds,  which,  detaching  themselves  in  some 
cases  from  the  burning  meteor,  as  affirmed  by  many  observ- 
ers, and  as  I  have  myself  seen,  transport  with  them  the  prin- 
ciple of  their  phosphorescence,  and  emit  at  intervals  jets  of 
Bght  resembling  rockets,  which  leave  after  them  a  whitish 
train.  We  mui^t  then  regard  it  as  at  least  a  very  probable 
supposition,  that  the  aurora  borealis  is  composed  of  substiin« 
ces,  capable^  occasionally  of  inflammation,  either  of  a  spon- 
taneous Icind,  or  in  consequence  of  a  discbarge  of  electricity 
from  the  clouds  which  contain  it ;  a  very  powerful  mode  of 
combination^  of  which  we  have  frequent  instances  in  our  lab^ 
oratories* 

Such  are  the  physical  conditions  on  which  the  aurora  bo- 
realis seems  to  depend,  and  which  are  deduced  directly  from 
the  phenomena  presented  to  us.  Whence  then  is  derived  the 
matter  which  constitutes  it?  To  this  question  we  can  as  yet 
give  only  a  doubtful  answer;  but  if  a  skilful  observer  would, 
for  several  winters,  carefully  study  every  circumstance  be- 
longing to  these  phenomena  as  they  present  themselves  in 
the  northern  regions,  with  all  the  helps  that  the  sciences  can 
fcrnish,  somethmg  decisive  would  probably  be  learned. 


Art.  XV. — On  the  Mirage.    Communicated  for  the  Journal 

[A  Ibw  ye^n  ago,  as  the  inhabitants  of  a  small  villag^e  on  the  coast, 
iMit  man^  miles  east  of  the  Piscataqaa  river,  were  issuing  from  the  vil* 
lage  church  on  Sunday,  after  services,  on  a  fine  summer-morning*,  they 
were  attracted  and  alarmed  by  the  vision  of  a  ship,  with  her  sails  set 
and  filled,  moving  magnificently  in  the  air  above  the  ocean,  and  direct- 
ing her  coarse  westward,  towards  the  land.  For  a  few  moments  they 
continued  in  silent  wonder ;  but  a  light  breeze  from  the  land  sprang 
«p,  the  glorious  object  vanished  in  the  soft  air,  and  no  trace  was  left  of 
its  appearance,  but  the  superstitious  awe  which  remained  in  the  minds 
of  the  spectators.  This  is  not  a  solitary  instance.  Similar  appearanc- 
es have  been  at  other  times  observed  or  related,  but  have  been  usually 
ascribed  by  the  sceptical  part  of  the  world,  to  some  foolish  imagination 
9T  some' idle  fear  that  possessed  and  deceived  the  minds  of  the  vulgan 
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Again,  stories  hare  been  told  of  men  with  a  power  of  vision  so  pcD^ 
tratingf,  that  they  could  descry  a  vessel,  and  predict  her  approach  whenr 
she  was  many  leagfues  at  sea,  beyond  the  reach  of  the  eyes  and  g'lasses 
of  all  around  them.  Witchcraft  or  previous  intelligence  or  conjecture 
have  been  brought  in  to  account  for  the  fact,  or  it  has  been  disbelieved 
and  rejected. 

It  is  easy  to  say  that  we  do  not  believe  ;  it  is  more  philosophical  oftei^ 
to  confess  that  we  do  not  understand,  and  to.  suspend  our  judgement  un- 
til we  have  examined  all  the  circumstances ;  and  we  mav  sometimes 
find  that  researches  In  the  kingdom  of  nature  bring  to  light  principles 
and  facts  which  give  a  probable  foundation  for  the  common  belief  of  the 
multitude ;  as  the  progress  of  discovery  in  modern  times  has  shown  (o 
be  true,  what  were  long  received  only  as  the  old  man's  stories  of  the 
garrulous  father  of  history.  This  we  shall  find  to  be  true  with  reg'ard 
to  the  exag-gerated  accounts  of  the  appearance  spoken  of  above.  Strip- 
ped of  its  popular  dress,  we  shall  find  it  to  take  its  place  among^  a  thou- 
sand similar  facts  perfectly  well  established.  Of  the  most  remarkable 
of  these  facts  and  appearances,  it  is  proposed  to  give  some  account. 
We  are  led  to  do  this  at  the  present  time,  not  from  having  any  new 
facts  or  views  to  communicate,  but  from  having  had  our  attention  drawn 
to  it  by  lately  observing  the  phenomenon,  and  findings  from  conversa- 
tion that  very  few  of  those  otherwise  conversant  with  scienceseemed  well 
to  understand  the  cause  or  to  have  read  the  best  accounts  that  have 
been  given  of  it.  It  is  known  among  sailors  by  the  English  word  loon^ 
ing,  or  by  the  French  word  mirage^  under  which  name  it  has  been  spo- 
ken of  by  men  of  science.] 

The  first  well  described  observations  on  the  mirage,  or 
extraordinary  refraction,  were  made  by  Mr  Joseph  Huddart, 
at  A  lion  by,  in  Cumberland,  in  1793.*  He  observed,  at  dif- 
ferent times,  a  point  of  land  and  a  vessel,  seen  at  the  distance 
ofal)out  seven  leagues  over  the  water.  Inverted  images  of 
objects  were  seen  immediately  under  the  real  objects.  He 
supposes  these  images  to  be  produced  by  rays  passing  down- 
wards from  the  objects,  and  being  refracted  upward  again,  in 
a  path  convex  to  the  earth,  by  passing  through  a  medium  of 
air,  of  whichjin  consequence  of  evaporation,  thegreatest  density 
was  not  at  the  surface,  but  a  few  feet  above  the  surface  of  the 
water.  This  medium  he  thinks  would  give  an  upward  cur- 
vature to  the  rays,  by  which  means  this  would  come  to  the 
eye  as  from  some  point  below  the  real  object,  and  as  if  re- 
flected from  a  surface  a  few  feet  above  the  true  surface  of 
the  water. 

In  this  way  he  accounts  for  the  blunt  appearance  of  the 
really  sharp  points  of  a  promontory  seen  at  a  distance;  the 
object  seen  by  the  eye  being  made  up  of  a  true  point  and  its 
reflected  image.  He  supposes,  with  apparent  reason,  that 
this  principle  will  sometimes  cause  lights  at  a  distance  to 

«  See  Pbilosophtbal  Transactions  for  1797,  p.  29. 
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seem  brighter  thnn  when  seen  nearer,  as  the  real  and  reflect- 
ed or  refracted  image,  will,  in  that  condition,  become  nearly 
coincident. 

In  the  summer  of  1 798,  the  French  army  under  Bonaparte 
passed  through  the  desert  of  Lower  Egypt,  where  they  daily 
observed  the  phenomenon  of  which  the  following  description 
is  given  by  Monge.* 

■ "  The  country  of  Lower  Egypt  is  nearly  a  level  plain, 
which  loses  itself,  like  the  sea,  in  the  clouds  at  the  extremity 
of  ihe  horizon  ;  its  uniformity  is  only  interrupted  by  a  few 
eminences,  either  natural  or  factitious,  on  which  are  situated 
(he  villages,  thus  kept  out  of  the  reach  of  the  inundations  of 
the  Nile. 

"  Both  morning  and  evening  the  aspect  of  the  country  is 
exactly  as  it  ought  to  be ;  and  between  you  and  the  last 
villages  which  present  themselves,  you  perceive  nothing  but 
land  ;  but  when  the  surface  of  the  earth  is  sufficiently  heated 
by  the  rays  of  the  sun,  and  indeed  until  it  begins  to  get  cold 
towards  the  evening,  the  land  no  longer  seems  to  have  the 
same  extension,  but  to  be  terminated  to  within  the  distance 
of  about  a  league,  by  a  general  inundation. 

^  The  villages  placed  beyond  that,  appear  like  so  many 
islands  stationed  in  the  midst  of  a  great  lake,  from  which  the 
spectator  is  separated  by  an  extent  of  land,  more  or  less  con- 
siderable according  to  circumstances.  You  then  behold  the 
image  of  each  of  these  villages  reflected  exactly  as  if  it  were 
exhibited  on  a  clear  surface  of  water,  with  only  this  differ- 
ence, that  as  the  representation  is  at  a  considerable  distance, 
the  smaller  objects  are  invisible,  and  the  masses  alone  dis- 
tinct ;  in  addition  to  this,  the  edges  of  the  reverted  image  are 
ill  defined,  and  such  as  they  would  be  if  the  surface  of  the 
reflecting  medium  happened  to  be  a  little  agiiated. 

"  In  proportion  as  one  approaches  a  village,  which  appears 
to  be  placed  in  the  midst  of  an  inundation,  the  margin  of  the 
water  seems  to  recede,  and  the  arm  of  the  sea,  separating  you 
as  it  were  from  the  village,  shrinks  back  by  degrees ;  it  at 
length  disappears  entirely,  and  the  phenomenon  which  now 
ceases,  in  respect  to  the  first  village,  is  instandy  reproduced 
by  a  new  one,  which  you  discover  at  a  due  distance  in  the 
rear.  Thus  every  thmg  contributes  to  complete  an  illusion, 
which  is  sometimes  cruel,  more  especially  in  the  desert,  be- 
cause it  tantalizes  you  with  the  appearance  of  water,  at  a 
time  when  you  experience  the  greatest  want  of  that  clement.'^ 

*  Memoirs  relative  to  Egypt,  p.  74. 
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This  is  explained  by  Monge  bj  supposing  that  the  air  ta 
contact  with  the  earlh  is  heated  to  a  very  great  degree  bv 
the  direct  rays  of  the  sun,  and  so  continually  heated,  that,  al« 
though  a  portion  of  it  is  constafttty  rising,,  in  consequence  of 
its  greater  levity,  still  the  portion  nearest  the  earth  is,  takeft 
altogether,  a  more  rare  medium  than  that  at  a  greater  distance*. 
JNow  when  light  passes  from  one  medium  into  another,  or 
from  a  medium  of  one  degree  of  density  into  a  medium  of 
another,  a  portion  of  the  light  is  reflected  at  the  commoa 
surface  of  the  two  media.  The  quantity  of  light  reiected  is 
in  proportion  to  the  magnitude  of  the  angle  of  incidence*  The 
light  coming  from  the  lower  regions  of  the  heavens  strikes 
this  surface  of  lighter  air  at  a  great  angle,  and  consetiuently 
the  image  of  the  lower  part  of  the  sky  is  reflected  to  the  eye 
of  the  observer.  But  this  reflection  can  take  place  only  at  a 
considerable  distance  from  the  eye  of  the  observer,  as  it  is 
only  at  such  a  distance  that  the  angle  of  reflection  or  it& 
equal,  the  angle  of  incidence,  is  sufficiently  lai^e.  All  the 
rays  which  reach  the  eye  from  any  point  on  the  surface 
nearer  than  a  lea^ue^s  distance,  come  under  an  angle  less 
than  the  lowest  limit  of  reflection. 

If  the  same  phenomenon  should  take  place  in  a  situation 
where  there  were  no  elevated  objects  to  show  the  true  limita 
of  the  horizon,  the  sky  would  seem  to  be  prolonged,  the  a[>* 
parent  horizon  would  be  depressed,  and  would  seem  much 
Dearer  than  it  really  is.  But  where  villages  or  trees  occur 
beyond  the  nearest  limit  of  reflection,  they  point  out  the  real 
situation  of  the  horizon,  and  the  image  of  the  heavens  which 
is  seen  within  that  horizon,  will  at  once  assume  the  appear^ 
ance  of  a  surface  of  water.  Terrestrial  objects  occurring  in 
such  a  situation  will  seem  to  be  reflected  from  the  image  of  the 
sky  between  the  observer  and  the  objects,  in  the  same  manno' 
as  they  would  be  from  a  surface  of  water,  with  this  difference, 
that  the  reflected  imaG:e  will  be  less  distinct,  and  will  have 
the  appearance  of  vibrating,  from  the  undulating  motion  of 
the  surface  of  air  from  which  they  are  reflected* 

The  next  observations  are  the  extremely  curious  but  inac^ 
curate  ones,  of  which  the  following  account  is  abridged  from 
a  very  interesting  paper  in  the  Philosophical  Transactions 
for  1799,  p.  13.  In  this  paper.  Prof.  Vince  details  some  ob^ 
servations  made  at  Ramsgate,  iu  a  sultry  evening,  after  an 
extremely  hot  day,  in  August,  1798,  under  a  clear  sky,  from 
elevations  sometimes  of  25,  at  other  times  of  80  feet  above  tb¥ 
water,  with  a  telescope  magnifying  SO  or  40  timep. 
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Be  4rst  directed  the  telescope  towards  a  ship,  the  topmasts 
of  which  vtcre  just  visible  above  the  horizon.  At  the  same 
time  he  discovered  in  the  field  of  view,  two  complete  imaged 
of  the  ship  in  the  air,  directly  over  the  ship  itself,  the  lower 
image  being  inverted,  and  the  upper  one  erect,  having  their 
hulks  joined.  As  the  ship  was  receding  from  the  shore,  less 
end  less  of  its  masts  became  visible,  and,  as  the  ship  descend- 
ed, the  images  ascended,  but  as  it  did  not  sink  entirely  below 
the  horizon,  he  had  not  an  opportunity  of  observing  in  what 
order  and  at  what  time  the  images  would  in  that  case  have 
vanished. 

On  directing  bis  telescope  towards  another  ship,  whose 
hulk  was  visible  in  the  horizon,  he  observed  a  complete  in- 
verted image,  the  mainmast  of  which  just  touched  that  of  the 
ftfaip  itself,  and  which  moved  as  the  ship  moved,  without  any 
variation  in  its  appearance.  In  this  case  there  was  no  second 
image. 

The  next  ^hip  to  which  he  directed  his  telescope  was  so 
for  on  the  other  side  of  the  horizon,  as  just  to  prevent  its  hulk 
from  being  seen.  At  first,  otily  an  image  of  the  topsail  and 
of  the  mast,  joining  that  of  the  ship,  and  an  image  of  the 
bowsprit  were  visible.  These  images  would  suddenly  appear 
liod  disappear  very  quickly  after  each  other,  first  appearing 
Ijelow  and  "  running  up  very  rapidly,  showing  more  or  less  of 
the  masts  at  diflPerent  times,  as  they  broke  out;  resembling, 
in  the  quickness  of  their  breaking  out,  the  shooting  out  of  a 
iieam  of  the  aurora  boreaiis."  The  ship  was  receding,  and 
he  found  that,  as  it  descended  beyond  the  horizon,  more  of 
the  image  gradually  appeared ;  till  an  image  of  the  whole 
ship  was  completed,  with  the  mainmasts  touching  each  other* 
As  the  ship  descended  lower,  the  image  and  ship  separated, 
bat  no  second  image  was  observed. 

On  moving  the  telescope  along  the  horizon,  he  observed 
the  top  of  the  mast  of  a  ship,  just  visible.  Directiy  over  this, 
at  some  little  distance,  was  an  inverted  image  of  a  vessel,  and 
above  that,  an  erect  image,  both  of  them  very  perfect  and 
well  defined,  and  an  image  of  the  sea  between  them,  the  wa- 
ter appearing  very  distinctly.  As  the  ship  approached  the 
horizon,  the  upper,  erect  image  gradually  disappeared,  and 
vanished,  and  after  that  the  image  of  the  water  disappeared, 
and  the  lower,  inverted  image  descended.  He  thinks  that 
if  he  had-directed  his  telescope  to  that  point  sooner,  he  should 
have  seen  the  two  images  before  any  part  of  the  ship  itself 
tras  i^ieiUe. 
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Upon  turning  the  telescope  towards  the  clifl's  at  Calais, 
which  were  visible,  he  observed  an  image  of  the  cliffs  above 
the  cliffs  themselves,  with  an  image  of  the  sea  between  them* 
Afterwards  an  inverted  image  of  a  ship  appeared  against  the 
cliffs,  while  the  hulk  of  the  ship  was  below  the  horizon.  He 
supposes  from  the  appearance  of  the  fog  soon  after  in  that 
direction,  that  there  was,  at  the  time  he  made  these  observa- 
tions, a  considerable  fog  on  the  other  side  of  the  horizon. 

These  observations  were  often  repeated,  and  the  images  in^ 
general  well  defined.  The  usu;il  refraction  at  the  same  time 
was  so  great,  that  the  cliffs  at  Calais  were  visible  at  the  wa- 
ter's edge,  whereas  they  are  frequently  not  to  be  seen  in 
clear  weather,  from  the  high  lands  about  the  place. 

To  explain  these  appearances,  Prof.  Vince  supposes  three 
rays  to  reach  the  eye  from  the  object.  One  ray  is  subject 
to  the  ordinary  refraction,  and  exhibits  an  image  in  the  nat- 
ural way,  a  little  above  the  true  place  of  the  object.  A  sec- 
ond ray  is  supposed  to  pass  above  the  first  ray  through  air 
"  varying  quicker  in  its  refractive  power"  than  the  air  through 
which  the  first  ray  passed,  and  therefore  having  a  gi-eater 
curvature,  the  convexity  being  upwards  and  presenting  a 
second  image;  "in  like  manner,  if  a  quicker  variation  of  re- 
fractive power  should  take  place  above  this  curve,"  a  third 
ray  may  describe  a  third  curve  still  hifijher,  also  convex  up- 
wards, and  presenting  a  third  image  still  higher  than  either 
of  the  former.  "  The  alterations  of  refractive  power,"  Prof. 
Vince  supposes,  "  may  arise  partly  from  the  variations  of  its 
density  and  partly  from  the  variations  of  its  moisture,  and 
the  passages  of  the  rays  through  the  boundary  of  the  fog, 
may  there  suffer  a  very  considerable  refraction." 

In  Scoresby's  voyage  to  Greenland,  in  the  summer  of  1822, 
he  observed  many  curious  phenomena  of  this  kind,  which  he 
has  extremely  well  described.  The  first  description  we  shall 
extract  is  the  following : 

"  In  the  evening  it  was  calm,  with  a  brilliant  sun,  and  very 
curious  exhibitions  of  the  phenomena  of  unecjual  refraction. 
Uuromocks  of  ice  assumed  the  form  of  castles,  obelisks,  and 
spires ;  and  the  land  presented  extraordinary  features.  In 
some  places,  the  distant  ice  was  so  extremely  irregular,  and 
appeared  so  full  of  pinnacles,  th  t  it  resembled  a  forest  of 
naked  ti'ees;  in  others  it  had  the  character  of  an  extensive 
city,  crowded  with  churches,  castles,  and  public  edifices.  1  he 
land  was  equally  under  the  influence  of  this  singular  mirage. 
Huge  masses  of  rocks  and  summits  of  mountains  were  reared 
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to  an  enormous  elevation,  distorted  into  singular  shapes,  and 
often  seemed  to  be  detached  from  the  rest  of  the  land,  and 
freely  suspended  in  the  air.  The  horizon,  bounded  by  ice, 
which  ought  to  have  been  pretty  regular  and  uniform,  was 
sometimes  undulated  and  broken." 

Another  scene  observed  within  a  few  days  of  the  same 
time,  may  be  found  described  in  page  217,  Vol.  1,  of  this 
Journal. 

He  describes  the  following  appearances  as  having  been 
observed  on  July  9lh. 

'■  The  morning  was  brilliant,  with  light  winds,  and  a  highly 
refractive  state  of  the  atmosphere.  The  land,  and  a  number 
of  ships  that  came  within  sight,  as  well  as  the  ice,  and  indeed 
all  distant  objects,  were  strangely  distorted.  Inverted  imag- 
es of  two  ships,  occasionally  double,  were  seen  in  the  air, 
which,  1  imagine,  were  at  least  ten  miles  beyond  the  limit  of 
direct  vision ;  for  we  approached  them  about  this  distance 
without  being  able  to  see  them.  In  addition  to  the  phenom- 
ena observed  and  described  on  the  1 9lh  of  June  &;c.  I  noticed 
several  vessels  that  had  their  hulls  elevated  to  the  apparent 
magnitude  of  a  castle  ;  the  height  of  the  hull,  in  some  instan- 
ces, being  equal  to  that  of  the  masts ;  in  two  or  thr^e  posi- 
tions, the  courses  seemed  to  be  separated  twenty  or  thirty 
yards  from  the  hull,  instead  of  being  nearly  in  contact.  So 
unequal  was  the  refraction,  and  so  various  in  its  effects,  that 
while  in  one  ship  the  masts  were  uniformly  expanded,  or  the 
hull  magnified, — in  another  ship  the  courses  and  topgallant- 
sails  were  heightened,  and  the  intermediate  sails,  the  top- 
sails, contracted  to  one  fourth  their  proper  size, — apd  in  a 
third,  a  very  little  distance  from  this,  the  courses  and  topgal- 
lant-sails were  contracted,  and  the  top-sails  expanded.  In 
all  these  examples,  the  peculiarities  were  continually  varying. 
No  sooner  had  one  appearance  been  examined  and  sketched, 
than  it  changed,  and  often  exhibited  the  most  uncouth  pro- 
portions. The  distant  ice  partook  also  of  the  same  influence, 
and  presented  very  extraordinary  and  often  beautiful  archi- 
tectural structures.  These  interesting  exhibitions  were  at 
length  closed  by  the  commencement  of  a  dense  fog."  p.  143. 

Again, 

"  As  soon  as  the  fog  had  cleared  away,  on  the  1 6th,  the  in- 
fluence of  the  sun  that  was  then  most  powerful,  soon  began  to 
produce  a  rapid  evaporation  from  the  surface  of  the  sea  and 
ice, — this  gave  rise  to  the  optical  phenomena  of  unequal  re- 
fraction, which  continued  to  operate  with  ever  varying  effect, 
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for  sixty  or  seventy  hours.  At  one  period  (about  10  p.  m.  of 
the  16th)  the  phenomenon  was  so  universal,  that  the  space  in 
i^'hicK  the  ship  navigated  seemed  to  be  one  vast  circular  area, 
bounded  by  a  mural  precipice,  of  great  elevation,  of  basaltic 
ice.  In  some  places,  where  water,  instead  of  ice,  was  seen 
through  the  refracting  medium,  the  cliff  it  seemed  to  consti- 
tute hnd  the  colour  and  appearance  of  real  basaltic  columns; 
and  where  both  water  and  ice  were  refracted,  the  specks  and 
patches  of  ice  had  sometimes  so  much  of  the  character  and 
appp.arance  of  land,  that  one  of  my  principal  officers,  who 
was  familiar  with  the  general  phenomena,  was  deceived  by  it." 

On  the  1 8th,  he  says, 

"This  evening,  about  9  p.m.,  the  refracted  ships,  with 
their  repeated  images,  were  most  beautifully  and  distinctly 
defined,  and  especially  the  latter,  which  appeared  as  usual, 
in  an  inverted  position  in  the  air.  Of  some  vessels,  whose 
hulls  were  beyond  the  horizon,  there  were  two,  and  of  one 
ship  three,  distinct  inverted  images,  each  exhibited  in  a  dif- 
ferent stratum  of  refracted  ice,  one  above  another, — the  lowest 
image  being  at  an  altitude  of  more  than  the  apparent  height 
of  the  ship's  mast,  above  the  mast-head  of  the  original.  And 
of  two  vessels  there  were  well  defined  images,  in  an  inverted 
position,  though  the  ships  to  which  they  referred  were  not 
within  sight!  It  should  be  observed,  that  the  inverted  ima- 
ges were  visible  on  this  occasion,  only,  when  an  appearance 
of  ice,  produced  either  by  reflection  or  refraction,  occurred 
above  the  regular  line  of  the  horizon,  in  the  quarter  occupied 
by  the  ships :  in  the  clear  intervals  of  the  lower  atmosphere 
between  the  strata  of  refracted  ice  no  image  was  seen ;  and 
when  the  stratum  was  too  narrow  to  comprise  the  whole  of 
the  image,  a  part  of  it  only  appeared.  And  it  should  be  also 
observed,  that  these  phenomena  were  principally  telescopic, 
both  the  ships  and  the  images  being  so  distant,  that,  to  the 
naked  eye,  they  only  appeared  as  indistinct  specks." 

The  appearance  of  the  land  was  no  less  remarkable  than 
that  of  objects  at  sea. 

"  In  many  places  there  were  patches  resembling  two  obtuse 
pyramids  united  by  their  apices,  the  upper  one,  though  quite 
as  distinct  as  the  other,  being  evidently  the  inverted  image 
only  of  the  lower  one.  In  occasional  positions,  where  two  of 
these  double  pyramids  were  near  together,  the  upper  limbs 
of  the  higher  pyramids  coalesced,  so  as  to  present  the  ap* 
pearance  of  prodigious  bridges,  some  leagues  in  extent,  with 
a  clear  atmosphere  beneath  them.     Sometimes  these  pyra- 
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mids  were  so  compressed  and  multiplied,  that  three  or  four 
were  seen  in  a  vertical  series,  forming  so  many  distinct  hor- 
izontal strata,  joining  in  the  middle,  but  all  detached  at  the 
extremities. 

The  general  telescopic  appearance  of  these  coasts,  when 
under  the  influence  of  unequal  refraction,  is  frequently  that 
of  an  extensive  ancient  city,  abpunding  with  the  ruins  of  cas- 
tles, obelisks,  churches,  and  monuments,  with  other  large  and 
conspicuous  buildings.  Some  of  the  hills  often  appear  to  be 
surmounted  with  turrets,  battlements,  spires,  and  pinnacles  ; 
while  others,  subjected  to  another  kind  of  refraction,  exhibit 
large  masses  of  rock,  apparently  suspended  in  the  air,  at  a 
considerable  elevation  above  the  actual  termination  of  the 
mountains  to  which  they  refer.  The  whole  exhibition  is  fre- 
quently a  grand  and  interesting  phantasmagoria.  Scarcely 
is  the  appearance  of  any  object  fully  examined  and  deter- 
mined, before  it  changes  into  something  else.  It  is,  perhaps, 
alternately  a  castle,  a  cathedral,  or  an  obelisk ;  then  expand- 
ing and  coalescing  with  the  adjoining  mountains,  it  unites  the 
intermediate  valleys,  though  they  may  be  miles  in  width,  by 
a  bridge  of  a  single  arch  of  the  most  magnificent  appear- 


ance." 


"  The  cause  of  these  phenomena,  as  far  as  they  depend  on 
refraction,  is,"  Scoreby  supposes,  "  the  rapid  evaporation 
which  takes  place  in  a  hot  sun  from  the  suriace  of  the  sea ; 
and  the  unequal  density  occasioned  by  partial  condensations, 
when  the  moist  air  becomes  chilled  by  passing  over  consider- 
able surfaces  of  ice."  This  is  sometimes  visible  to  the  eye 
and  gives  a  tremulous  motion  to  all  bodies  on  or  near  the 
water.  It  does  not,  however,  he  supposes,  extend  to  a  great 
distance  above  the  surface,  since  objects  as  elevated  as  the 
top  of  the  mast,  from  which  most  of  his  observations  were 
made,  were  often  not  affected  by  it,  while  every  object  near 
the  surface  was  very  much  so.  The  medium  of  the  atmos* 
phere,  near  the  water,  he  supposes  to  be  made  up  of  parallel 
strata  of  different  densities,  often  very  unequal  and  changea- 
ble. Objects  seen  through  such  a  medium  must  be  unequal- 
ly elevated  and  distorted,  while  objects  seen  through  a  me- 
dium of  a  uniform  density,  or  of  a  density  uniformly  increas- 
ing or  diminishing,  would  be  regularly  elevated  to  a  less  or 
greater  degree,  in  proportion  to  the  density  of  the  medium 
and  the  distance  of  the  object. 

In  the  following  paragraph,  Scoresby  gives  the  reason  why 
this  curious  phenomenon  has  been  so  seldom  noticed  or  des- 
cribed by  navigators. 
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"  As  the  more  extraordinary  and  beautiful  effects  of  une* 
qual  refraction  cannot  be  fully  discovered,  without  the  use  of 
a  telescope,  tliey  escape  general  observation ;  and  as  the 
looming  of  the  distant  ice,  or  distortion  of  objects,  is  the  most 
common  effect  of  this  state  of  the  atmosphere,  it  becomes  a 
considerable  annoyance  to  persons  not  interested  in  the  phe- 
nomena. As  in  this  case,  the  vapour  gives  an  indefinite  and 
tremulous  outline  to  every  object  beyond  a  certain  distance ; 
•—ships,  a  mile  or  two  off,  cannot  be  recognised  ; — a  wall  of 
ice  seems  to  surround  the  navigator,  the  openings  and  leads 
in  which  cannot  be  discerned  at  a  distance  ; — and,  of  the  ac- 
tions and  employment  of  remote  vessels,  within  sight,  a  knowl- 
edge of  which  is  often  of  great  importance  to  t)ie  unoccupied 
fisher,  no  correct  conception  can  be  formed. 

Some  of  the  appearances  described  by  Scoresby  have  a 
strong  resemblance  to  the  phenomenon  which  is  seen  at  times 
in  the  Straits  of  Messina,  and  which  has  been  long  known 
and  often  described  under  the  name  of  the  Fata  Morgana. 

One  of  the  earliest  descriptions  of  it,  is  that  of  father  An- 
gelucci,  as  quoted  in  Swinburne's  Travels. 

^'On  the  15th  of  August,  1643,  as  I  stood  at  my  window,  I 
was  surprised  with  a  most  wonderful,  delectable  vision.  The 
sea  that  washes  the  Sicilian  shor^  swelled  up,  and  became, 
for  ten  miles  in  length,  like  a  chain  of  dark  mountains ;  while 
the  waters  near  our  Calabria n  coast  grew  quite  smooth,  and 
appeared  as  one  clear  polished  mirror,  reclining  against  the^ 
aforesaid  ridge.  On  this  glass  was  depicted,  in  chiaro  scuro, 
a  string  of  several  thousands  of  pilasters,  all  equal  in  altitude, 
distance,  and  degree  of  light  and  shade.  In  a  moment  they 
lost  half  their  height,  and  bent  into  arcades,  like  Roman 
aqueducts.  A  long  cornice  was  then  formed  on  the  top,  and 
above  it  rose  castles  innumerable,  all  perfectly  alike.  These 
soon  split  into  towers,  which  were  shortly  after  lost  in  colon- 
nades, then  windows,  and  at  last  ended  in  pines,  cypresses, 
and  other  trees,  even  and  similar  This  was  the  Fata  Morga- 
na, which,  for  twenty-six  years  I  had  thought  a  mere  fable."* 

A  very  full  and  philosophical  account  is  given  of  it  by 
Minasi. 

*' When  the  rising  sun  shines  from  that  point  whence  its 
incident  ray  forms  an  angle  of  about  forty-five  degrees  on  the 
sea  of  Reggio,  and  the  bright  surface  of  the  water  in  the  bay 
is  not  disturbed  cither  by  the  wind  or  the  current,  the  spec- 

*  Po]ehainpton*s  Gallery,  vol  p.  513. 
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tator  being  placed  on  an  eminence  of  the  city,  with  his  back 
'  to  the  sun  and  his  face  to  the  sea ; — on  a  sudden  there  ap- 
pear in  the  water,  as  in  a  catroptric  theatre,  various  multipli- 
ed objects ;  that  is  to  say,  numberless  series  of  pilastres,  arch- 
es, castles  well  delineated,  regular  columns,  lofty  towers,  su- 
perb palaces,  with  balconies  and  windows,  extended  alleys 
of  trees,  delightful  plains  with  herds  and  flocks,  armies  of 
men  on  foot  and  horseback,  and  many  other  strange  images, 
in  their  natural  colours  and  proper  actions,  passing  rapidly 
in  succession  along  the  surface  of  the  sea,  during  the  whofe 
of  the  short  period  of  time  while  the  abovementioned  causes 
remain. 

"  But  if,  in  addition  to  the  circumstances  before. described, 
the  atmosphere  be  highly  impregnated  wii.h  vapour  and 
dense  exhalations,  not  previously  dispersed  by  the  action  of 
the  wind  or  waves,  or  rarefied  by  the  sun,  it  then  happens 
that  in  this  vapour,  as  in  a  curtain  extended  along  the  chan- 
nel to  the  height  of  about  thirty  ptilms,  and  nearly  down  to 
the  sea,  the  observer  will  behold  the  scene  of  the  same  ob- 
jects not  only  reflected  from  the  surface  of  the  sea,  but  like- 
wise in  the  air,  though  not  so  distinct  or  well-defined  as  the 
former  objects  from  the  sea. 

'^  Lastly,  if  the  air  be  slightly  Lazy  and  opake,  and  at  the 
same  time  dewy  and  adapted  to  form  the  iris,  then  the  above- 
mentioned  objects  will  appear  only  at  the  surface  of  the  sea, 
as  in  the  first  case,  but  all  vividly  coloured  or  fringed  with 
red,  green,  blue,  and  other  prismatic  colours."* 

Minasi  supposes  these  dincrent  appearances  to  be  produc- 
ed by  the  reflection  of  objects  on  the  neighbouring  coasts 
from  the  surface  of  the  water  in  the  strait,  by  refraction  pro- 
duced by  saline  and  other  efiluvia,  that  is,  by  evaporation 
and  by  fogs. 

(To  he  CoyUinued.) 


Art.  XlV.—Jiotice  of  the  Periodical  Comet  0/ 1 8 1 9. t  By  M. 
Damoiseap.  (Translated  for  this  Journal  from  the  Con- 
naissanct  des  Tems^  for  1827.     By  Seth  Ames,  A.  B.) 

Soon  after  the  discovery  of  this  comet  by  M.  Pons,  at  Mar- 
seilles, it  was  ascertained  that  its  movement  was  periodical, 

•  Polehampton*8  Gallery,  p.  611. 

fThii)  notice  is  an  extract  from  a  memoir  presented  by  M.  Damoiseau  to  the  Acad' 
emy  of  Sciences,  in  the  month  of  February  last,  and  is  the  subject  of  M.  Poisson's 
report,  which  may  be  found,  p.  224  Cormaia,  des  Tents, 
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it  had  already  been  observed  in  1786,  1795,  and  1805,  and 
was  afterwards  observed  at  1822,  at  Paramatta.  In  order 
to  be  able  to  predict  its  next  return  to  its  perihelion,  it  is 
indispensably  necessary  to  ascertain  the  irregularities  pro- 
duced in  its  motion  by  the  disturbing  force  of  the  planets. 
The  observations  of  1786  were  not  sufficient  to  ascertain  its 
orbit,  and  those  of  1 795,  exhibit  but  little  precision ;  but  the 
elliptical  orbits  of  M.  Encke,  which  represent  s^  exactly  the 
observations  taken  in  1805,  1819,  and  1822,  have  served  as 
the  basis  of  the  actual  research.  I  present,  in  a  number  of 
tables,  the  results  of  a  calculation,  relating  to  the  alterations 
of  the  Comeths  orbit  in  these  two  last  periods,  and  the  two 
following,  with  their  application  to  its  future  state  in  1825  and 
1828.  The  method  and  the  details  of  these  different  calcu- 
lations may  be  found  in  a  memoir  presented  to  the  Academy 
of  Sciences. 

Jupiter,  the  Earth,  and  Venus  are  the  only  planets  whose 
action  has  been  considered ;  the  following  are  the  results  in 
relation  to  the  mean  anomaly  and  mean  dialy  motion* 


Periods. 

Intervals 
observed. 

Alteration  of  the  Mean  Anomaly. 

Alteration    of 
mean  daily 
Motion. 

1805  to  1819 

4814',746 

i^y  the  action  of  u        +15859"38 

9  in  1 809  —     476,76 

in  1818—        4,97 

5  in  1806  +       64,01 

in  1818—         5,14 

+    3"5889 

—  0,1313 

—  0,1105 
-4-   0,0178 

—  0,0735 

+  16436,52 

+    3,2914 

1819  to  1822 

I212',742 

By  the  action  of  )t         —  9939"38 
9  in  1819  +      81,26 

—   r'4349 
+    0,0716 

—  9858,12 

—   7,3633 

1822  to  1825 

By  the  action  of  U           +  363"ol 
S  in  1822  —    56,90 

+    0"7202 
—   0,0494 

+  306,61 

+    0,6708 

1825  to  1829 

By  the  action  of  U          —  705"25 
6  in  1828  —      6,90 

—  04"420 

—  0,0986 

—  712,15 

—  0,5406 
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If  we  designate  the  mean  daily  motions  of  the  comet  at 
its  perihelion  that  of 

1805  by  n 
1819        n' 
1822       n" 
1825        fif'' 
ii  1829        nf"' 

and  the  intervals  between  passing  the  perihelion,  from 

1805  to  1819  by  T 
1819       1822       T' 
1822       1825       T" 
1825       1829       T" 
we  shall  have  by  the  period  from  1 805  to  1 8 1 9. 

*»  =   ^^— y ' =  1076'',6925  —  3^2061 

=  1073'',4864, 
nf  =  1073^864  +  3^^2914  =  ie76'',77:8, 
vf'  =  1073V864  +,^',2914  —  7^3633  =  1069^4145- 
by  the  period  from  1819  to  1822.  ' 

,        360^  +  9868^12        /^^«,, «   ^ 
n'  =  -^^ 2_  =  1068'',6525  +  8''^1288 

=  1076^^7813, 
n"  =  1076'^78I3—  7^^3633  =  1069^^,4180, 
n  =  1076^7813  —  3''2914  =  1073^899  ;' 
uniting  the  two  periods,  we  have  for  the  alteration  of  the 
mean  anomaly  in  the  interval  between  the  perihelia  of  1 805 
and  1822. 

15436^^52  +  3'',2914  X  T'  —  9858^12  =  9570'',02 
which  gives 

360<»  X  5  —  9670",02 
^  =    T+V =  ^^75^0745  —  1^^5877 

=  1073V868, 

n"  =  1073^^4868  +  3^^2914  —  7^^3633  =  1069'^4149, 
n'  =  1073'^4868  +  3^',2914  =  1076^^,7782. 
the  values  which  are  found  have  been  formed  into  a  table. 

Periods.  n                           n'  n" 

1806  to  1819  1073^4864  1076^7778  1069^^,4145 

1 8 1 9  to  1 822  1 073^^4899  1 076'^78 1 3  1 069'M  1 80 

1805  to  1822  1073^^4868  1076^78^  1069''f4149 

The  values  of  the  mean  daily  motion  for  each  perihelion 
concluded  from  three  periods,  differ  from  each  other  by 
0'',0035,  0^^,0031,  0'',0004;  on  comparing  them,  two  by  two, 
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we  find  in  this  motion  an  augmentation  in  each  revolution  of 
0'^00063,  answering  to  a  diminution  of  0,00106  in  the  time 
of  revohition.  But  the  difference  is  above  being  of  the  order 
of  quantities  that  are  neglected  in  calculating,  the  effect  of 
disturbing  forces,  this  retardation,  if  it  exist  at  all,  would  not 
be  perceptible  till  after  a  great  number  of  revolutions. 

It  is  now  intended  from  the  passages  observed  in  1805  and 
1819  to  ascertain  that  of  1822.  According  to  the  preced- 
ing observations,  wq  have  in  relation  to  that  period, 

n'  =  1 076^^7778  ;  therefore, 

T  =  3^Q°  +  ^Q^^^^^  =  1203',591  +  9',165  =  1212^746  ; 

the  observations  give  1212',742,  We  can  hardly  expect 
greater  precision  in  the  result. 

An  important  object  is  to  determine  the  instant  of  the  next 
return  of  the  comet  to  its  perihelion.  In  this  new  revolution, 
as  well  as  in  that  which  follows,  the  effect  of  the  disturbing 
force  is  very  inconsiderable,  and  the  elements  undergo  very 
little  variation.  We  may  hope  then  to  assign  with  certainty, 
those  parts  of  the  heavens  which  the  comet  will  occupy  on  its 
reappearance. 

Take  for  nf'  the  mean  value  1069'^4158  which  results 
from  comparing  the  three  observed  passagesj  we  have 

=  12ir,5899; 
this  interval  from  May  24,4944,  1822,*  the  epoch  of  the 
passage  to  the  perihelion,  answers  to  Sept.  17,  0843,  1823, 
which  will  be  the  instant  of  its  next  return  to  that  point. 

As  it  may  happen  that  from  the  configuration  of  the  sun, 
the  earth,  and  the  comet  about  the  time  of  this  passage,  the 
latter  may  perhaps  be  invisible,  we  will  continue  to  apply 
the  effects  of  disturbing  forces  in  order  to  determine  the 
instant  of  its  second  return  to  its  perihelion  inl829. 

The  mean  value  of  n''  being  1069'',4158,  we  may  conclude 
n'''  =  1069^4158  +  0'^6708  =  1070^^0866; 
and  consequently. 


'J21±Jir:ll  :=  nu',n7o  +  (yfiess 


=  12ir,7825; 


*  The  periods  of  abmhite  time  in  this  notice  are  in  mean  time,  reckoaiQs  from 
Midnight  meridian  of  Paris. 
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is  the  passage  to  the  perihelion  will  take  the  10,  8668,  Jan. 
1829,  and  we  shall  have 

n"''  =  1070'',0866  —  0^^5406  =  1069'',5460. 
As  to  elements  of  the  orbit,  the  following  table  shews  the 
changes  made  in  them  in  different  periods. 


I 


Periods.' 


1805  to  1819 
1819  1822 
1822  1825 
1825   1829 


Alteration    of 
Eccenuicity. 


+0,0019950 
—0,0039038 
+0,0004305 
-^,0002920 


Alteration  of  the 

longitude  of  tlie 

Perihelion. 


•5',  1".0 
9,  41,0 
-0,  15,2 
•li    19,1 


Alteration    of  lAlter.  of  iacll- 


longitude  of  the 
Node. 


r54"i 

•10,50  0 

0,10  1 

■  0,39  2 


nation  of  the 
Orbit 


+  2'  48"8 
—16  8  0 
+  14  4 
—  0  54  6 


By  adding  to  the  alterations  in  longitude  of  the  perihelion 
Md  node  1 1'0'^4  for  the  first  period,  and  0'46'',3  for  the 
others  we  shall  have  these  alterations  in  relation  to  the  move- 
able equinox. 

By  means  of  the  preceding  results,  with  the  elements  of 
1822,  corrected  after  the  observations  at  Paramatta,  the  fol- 
lowing table,  for  the  times  of  passing  to  five  perihelia  has  been 
formed* 


Punge  to  Periheli- 
on. 


1805  Nov.  22,006 
1819  Jan.  27,762 
1822  May  24,494 
1826  Sept  17,084 
1829  Jan.  10,867 


Eccentrick. 


0,8464667 
0,8484517 
0,8445479 
0,8449784 
0,8446862 


Longitude 
Perihelion. 


ofLoi 


156O43'0" 

156  59  1 

157  1129 
157  14  30 
157  18  35 


ngitude  ol 
Node. 


334°18'29" 
334  27  36 
334  19  32 
334  22  8 
334  2415 


Inclination 
of  Orbit. 


13°35'44 
13  38  33 
13  2225 
13  23  29 
13  22  34 


Mean  daily 
Motion. 


1073 "4877 
1076  7791 

1069  4158 

1070  0866 
1069  5460 


Semi  ma- 
jor axis. 

2,218912 
2.214388 
2,224542 
2,223611 
2,224360 


These  are  ephemerides  to  facilitate  the  search  for  the  com- 
et upon  its  returns.  In  1825,  the  elongation  of  the  comet 
from  the  sun,  in  the  interval  which  the  ephemeris  includes, 
varies  from  49  to  3S  degrees,  and  accordingly  we  can  hardly 
expect  that  it  will  be  visible  to  us.  And  after  it  has  passed 
to  its  perihelion,  the  circumstances  are  still  less  favourable. 
As  to  Its  return  in  1828,  the  comet  will  be  visible  throughout 
Europe. 

Bosi.  Jour.  JVor.  ^  Dec.  1825.  22 
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Right  a«-i  Northern 

iDistance  of  thetDistance  of  tbeiTnten-l 

ceiision. 

declina- 

Comet  from  the  |Comet  from  the 

bity  at 

tioo. 

£ajrtb. 

Sun. 

Light. 

1825.    July  14,075 

5906' 

28^47 

1,775 

1,345 

0,175 

24,073 

70    5 

30  52 

1,597 

1,198 

0,273 

Aug.   3,086 

84  15 

23  56 

1,439 

1,041 

0,445 

13,087 

99  48 

23  44 

1,316 

0,874 

0,&9T 

S3,06l 

118    5 

21  28 

1,243 

0,697  . 

0,647 
0,096 

1828.  Aug.  28,159 

26035' 

23  17 

1,487 

2,175 

Sept    7,176 

25  47 

24  58 

1,276 

2,073 

0,143 

17,161 

23  30 

26  29 

1,089 

1,967 

0,218 

27,383 

19  24 

27  50 

0,920 

1,856 

0,344 

Oct.     7,191 

12  57 

28  43 

0,774 

1,737 

0,552 

17,162 

3  52 

28  36 

0,658 

1,614 

0.886 

27,157 

352  33 

26  51 

0,574 

1,483 

1,330  • 

Nov.     6,173 

340  23 

23  13 

0,521 

1,345 

2,033 

16,17 1| 

329    1      18  13  { 

0,494 

1,198         l2,85l| 

Report  made  to  the  Academy  of  Sciences.  By  MM,  Laplace^ 
Legendrej  and  Poissonn  upon  a  Memoir  of  M.  Damoiseau 
relative  to  the  Disturbances  in  the  Motign  of  the  Comet  of  Idld^ 
for  a  short  period* 

Till  lately  there  bad  been  but  one  comet  whose  re- 
return  to  its  perihelion  has  been  observed,  and  whose  peri- 
odical time  is  known*  This  is  the  comet  of  1682,  which  oc- 
cupies about  76  years  in  performing  its  whole  revolution. 
Halley  discovered  it  to  be  the  same  with  one  which  had  al- 
ready been  obsjerved,  at  two  other  epochs,  in  1531,  and  1607t 
and  he  predicted  its  return  in  1758  or  1759.  At  this  latter 
epoch,  and  before  the  comet  had  become  visible,  Ciairaut 
calculated  the  instant  of  its  passing  its  perihelion,  having  re- 
gard to  the  disturbances  in  its  elliptical  motion.  The  result 
of  that  immense  labor  differs  only  a  few  days,  as  is  well 
known,  from  the  time  of  the  observed  passage,  which  took 
place  on  the  12th  of  March,  1759.  This  remarkable  phe- 
nomenon, of  the  reappearance  of  a  comet  at  its  perihelion, 
after  one  or  more  revolutions,  has  also  occurred  in  our  time 
with  respect  to  the  comet  discovered  in  1818,  by  M.  Pons,  who 
at  that  time  observed  it  at  Marseilles.  The  comparison  of 
its  parabolic  elements  with  those  of  a  comet  observed  in  1805 
leads  to  the  suspicion  that  the  two  bodies  are  the  same.  The 
remark  was  maae  at  the  Bureau  des  Longitudes,  by  M.  Arago, 
when  the  discovery  of  the  )iew  comet  was  there  announced; 
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it  was  also  made  in  Germanj  by  M.  Olbei^,  who  thousbt 
moreover,  that  this  comet  must  be  the  same  with  that  which 
had  been  observed  in   1795  and   1786.     According  to  this 
toniecture,  its  time  of  revolution  can  be  only  a  very  short  pe- 
riod, and  it  is  indispensably  necessary   to  have  regard  to 
the  ellipticity  of  its  orbit  in  the  calculation  of  its  elements; 
this  is  done  by  M.  Encke,  astronomer  at  Gotha*    The  ellip- 
tic elements  which  he  determined,  either  from  the  observa- 
tions of  1805  or  those  of  1818  diffi^r  from  each  other  still  less 
than  the  parabolic  elements,  and  there  is  no  longer  any  doubt 
that   they    belong    to    the    same  body,   the  periodic  time 
being  nearly  three  yeara  and  a  half.      It  has  performed 
ed  since  its  first  appearance  in  1805,  four  entire  revolutions, 
and  returned  to  its  perihelion  at  the  commencement  of  1819. 
If  we  regard  only  the  shortness  of  its  successive  revolutions 
ti^is  body  might  be  considered  a  planet ;  but  it  h^s  continued 
to  be  classed  among  comets,  on  account  of  the  appearance 
it  presents,  and  its  not  being  visible  to  us  in  all  parts  of  its 
orbit.     To  facilitate  the  observation  of  its  return  in  1822,  M. 
Encke  proposed  to  calculate  an  ephemeris  relative  to  that 
epoch,  but  as  the  comet  was  for  a  great  part  of  this  new  rev* 
olution   at   a   very  smalt    distanc*e   from  Jupiler,   he    was 
obliged  to  calculate  the  perturbations  produced  by  the  dis- 
turbing force  of  that  planet,  and  he  found  in  fact  that  in  con- 
sequence of  this  principal  action,  the  time  of  anomalistic  rev- 
olution, the  mean  duration  of  which  had  been  about  1 204 
days,  from  1805  to  1819  would  be  augmented  by  about  nine 
days  in  the  following  revolution*     He  announced  that  in  1822 
the  comet,  in  consequence  of  its  declination,  would  not  be 
visible  in  Europe,  and  that,  in  order  to  observe  it,  it  would  be 
necessary  to  go  into  the  southern  hemisphere.     The  event  has 
completely  verified  this  prediction.   The  comet  returned  to  its 
perihelion  in  the  latter  part  of  May,  1822^    It  was  observed  at 
Paramatta  in  New  Holland,  by  M.  Dunlop,  who  first  recognis- 
ed it,  and  by  Gen.  Brisbane,  and  by  M.  Rumker,  who  deter- 
mined its  positions.     The  elliptic  elements,  deduced   from 
this   re-appearance  agree  in   the   most  satisfactory  manner 
with  those  calculated  by  M.  Encke  before  the  appearance  of 
the  comet,  according  to  former  observations,  making  allow- 
ances for  irregularities  produced  by  disturbing  forces.     Al- 
though this  important  calculation  of  M.  Encke  was  well  known 
the  Academy  which  awarded  to  him,  three  years  ago,  the 
astronomical  prize,  founded  by  La  Lande,  we  have  thought  it 
proper  to  mention  the  principal  resulu,  before  we  make  known  • 
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what  M.  Damoiseau  has  added,  Id  the  memoir  we  have  sub- 
mitted to  your  examination. 

The  first  part  of  this  memoir  was  presented  to  the  Acade- 
my the  16th  of  February  last,  and  tne  second  part  the  i26th 
of  April.  In  the  first  part,  M.  Damoiseau,  speaking  of  the 
elliptic  elements  calculated  by  M.  Encke  for  the  epoch  of 
1819,  determines  the  perturbations  which  they  have  under- 
gone from  that  epoch  to  1822.  The  elements  which  he  has 
deduced  for  this  last  cpoqh  differ  but  little  from  those  of  M. 
Encke,  which  we  have  already  cited ;  and  it  could  not  be 
otherwise,  because,  having  both  adopted  the  same  data,  the 
difference  in  their  results  must  be  owing  to  the  difference 
in  the  methods  they  pursued.  The  duration  of  the  anoma- 
listic revolution  of  1819  and  1 822  being  nevertheless  known 
by  observation,  M.  Damoiseau  has  made  use  of  it  in  order  to 
rectify  the  daily  motion  of  1819,  of  which  he  had  already 
availed  himself.  He  decided  at  the  same  time  the  mean  dai* 
ly  motion  of  1822,  which  was  necessary  to  enable  him  to 
calculate  the  perturbations  of  the  comet,  from  its  first  appear* 
ance  to  its  next  return  to  its  perihelion.  In  this  new  calcula- 
tion, M.  Damoiseau  makes  use  of  the  elements  of  1822,  de- 
duced from  the  observations  at  Paramatta.  The  perturba- 
tions of  this  revolution  are  much  less  considerable  than  those 
that  happened  before,  and  the  duration  between  two  consec- 
utive passages  through  its  peHhelion,  will  be  about  1212  days 
like  the  preceding.  M.  Damoiseau  fixes  the  next  return  of 
the  comet  to  its  perihelion,  on  Sept.  17,  1825.  He  gives  for 
that  epoch  its  elliptic  elements,  and  he  assigns  the  places 
which  it  will  occupy  in  the  heavens  during  the  time  of  its  ap« 
pearance,  but  thinking  that  it  will  then  be  too  near  the  sun  to 
admit  of  observations  being  taken,  he  has  proposed  to  calcu- 
late the  epoch  of  its  following  return,  and  its  ephemeris  for 
that  epoch.  These  calculations  are  the  subject  of  M.  Da- 
moiseau's  second  memoir.  The  second  return  to  the  perihe- 
lion which  he  has  determined,  will  take  place  Jan.  10,  1829, 
and  the  author  announces  that  the  comet,  according  to  his 
Ephemeris  will  be  visible  in  every  part  of  Europe.  The  time 
between  this  passage  through  the  perihelion,  and  that  of  1825 
will  be  very  nearly  1211  aays,or  only  on%  day  less  than  the 
period  of  the  preceding  revolution. 

The  second  part  of  the  memoir  of  which  we  have  been 
speaking,  contains,  also  the  calculation  of  the  perturbations 
of  the  comet  from  its  appearance  in  1805,  to  its  return 
in   1819.    Thus  the  entire  interval  of  twenty-four  years, 
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which  the  author  has  embraced  in  his  calculations,  compre- 
hends three  observed  passages  through  the  perihelion,  and  the 
two  nearest  returns  to  that  point.  The  comparison  of  the  three 
observed  passages  furnishes,  for  the  epoch  of  each  one  of 
them,  three  values  of  mean  daily  motion,  which  difier  but 
little  from  each  other ;  the  author  has  concluded  for  the  last 
appearance  upon  the  mean  of  these  three  values,  by  uniting 
"with  this  the  other  elliptic  elements  calculated  according  to 
the  observations  at  Paramatta ;  he  has  formed  a  table,  which 
may  be  regarded  as  containing  the  definitive  results  of  all 
bis  labours,  and  in  which  he  has  collected  the  elliptic  ele- 
ments answering  to  five  passages  through  the  perihelion,  com« 
prehended  in  the  twenty  four  years  which  he  had  been  consid* 
ering.  If  we  compare  these  elements,  relative  to  the  years 
1805  and  1819,  with  those  which  are  derived  from  actual 
observation  made  at  those  epochs,  it  will  be  seen  that  they 
agree  in  such  a  manner  that  the  greatest  deviations  are  but 
one  minute  in  the  longitude  of  the  perihelion,  five  in  that  of 
the  node,  and  two  in  the  inclination  of  the  orbit ;  but  this 
comparison  is  not  the  best  means  of  ascertaining  the  degree 
of  exactness  in  the  results  obtained  by  M.  Damoiseau. 
To  judge  of  it  properly  it  will  be  necessary  that  the 
author  should  calculate  according  to  the  elements,  the 
places  of  the  comet  in  these  two  epochs,  in  order  to  com* 
pare  them  with  the  places  which  have  been  directly  ob- 
served. 

M.  Damoiseau  has  followed,,  in  the  calculation  of  the  per-' 
turbations,  the  known  method  which  consists  in  dividing  the 
entire  curve  described  by  the  comet,  into  portions,  for  each 
one  of  which  we  determine  the  effect  produced  by  the  dis- 
turbing forces  of  the  planets.  In  the  first  part  of  his  memoir, 
these  portions  answer  to  angles  of  10°  of  eccentric  anomaly. 
In  the  second  part  he  has  preferred  to  take  intervals  of  time, 
nearly  equal  to  each  other,  and  each  about  thirty  days;  but 
in  both  cases,  he  is  confident  that  he  can,  without  any  sensi- 
ble error,  observe  in  each  portion  of  the  orbit  the  variations 
of  the  mean  motion,*  as  proportional  to  the  square  of  the 
time,  and  those  of  the  other  elements  as  proportional  to  its 
first  power.  However,  we  should  observe  that,  if  it  were 
necessary  to  have  regard  to  higher  powers  of  this  va- 
riable quantity,  that  the  formulas  which  the  author  has 
given  for  this  purpose,  in  the  beginning  of  his  memoir,  would 
not  be  exact,  and  that  it  would  be  necessary  to  recur  to  the 
ordinary  formulas  of  quadratures.    Although  the  interval  of 
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time  comprehended  between  the  appearance  of  1 W5  aiid  that  of 
1819,  comprises  four  revolutions  of  the  comet,  M.  Dadioiseau, 
in  calculatmg  the  disturbances  which  have  taken  place  in  the 
course  of  that  period,  has  always  retained  the  same  values  of 
the  primitive  elements.     It  would  nevertheless  have  been  pro»- 
proper  to  change  ihem,  at  least  every  revolution,  taking  into 
consideration  each  time  the  preceding  disturbances.     This 
is  a  point  which  it  will  be  sufficient  merely  for  us  to  men* 
tion  to  the  author  if  he  proposes  to  review  and  complete  his 
work- 
in  the  period  of  twenty  four  years  which  the  author  has 
observed,  he  has  constantly  computed  the  action  of  Jupiter, 
end  the  action  of  the  Earth  and  Venus  only  in  that  part  of 
the  period  in  which  the  comet  is  so  near  that  this  action  is 
perceptible.     As  to  the  other  planets,  he  has  thought  he  might 
nedect  their  action,   which  he  has  regarded  as  imperce(> 
tibie  Qn  account  of  their  distance,  or  the  smallness  of  their 
fiize.      He   thought  moreover  that  he  had  no  occasion  to 
extend  his  caculations  to  the  epochs  of  f7&5  and  1786,  in 
which  the  sdme  cornel  bad  been  observed,  because  he  con* 
sidered  those  observations  not  very  exact,  or  not  sufficient  to 
determine  the  elements  of  the  orbit.     M.  Encke  on  the  con- 
irary  was  desirous  to  represent  these  early  observations ; 
but  he  discovered  that  in  the  observed  right  ascensions  and 
declinations,  it  would  be  necessary  to  suppose  errors,  the 
mean  of  which  would  amount  to  twenty  four  minutes,  and  this 
he  judged  to  be  inadmissible.     To  explain  these  differences 
between  the  results  of  calculation  and  observation,  M •  Encke 
thought  that  it  would  be  necessarj  to  recur  to  the  resistance 
of  ether,  and  he  has  announced  m  a  late  mimber  of  M.  de 
Zach's  Astronomical  Correspondence,  that  by  taking  into 
occount  this  tangential  force,  and  making  a  suitable  supposi-^ 
tion  in  relation  to  its  intensity,  these  great  differences  might 
be   made  to  disappear,  or  at    least    be   so    far  reduced 
as  to  be  attributable  to  errors  in  the  observations.     There  is 
DO  doubt  that  if  the  celestial  bodies  moved  in  a  resisting 
medium,  the  effect  of  that  resistance  would  be  more  sen- 
sible in  the  motion  of  comets  than  in  that  of  the  planets^ 
as  at  the  surface  of  the  earth,  we  perceive  that  the  resistance 
of  the  air  has  most  effect  upon  the  motion  of  those  bodies 
having  weight,  whose  density  is  least,  and  it   actually  is 
known  that  the  density  of  comets  is  incomparably  less  than 
that  of  the  planets ;    but  if  the  comet,  which  has  been  the 
subject  of  consideration  is  destined  to  exhibit  to  us  in  the 
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the  heavens  the  effects  of  a  force,  of  the  necessity  of  whicii 
no  other  phenomenon  has  ever  yet  made  us  sensible,  it 
must  require  a  greater  number  of  revolutions  of  that  body 
to  establish  with  any  probability  so  delicate  a  point  in  astro* 
nomical  science. 

The  calculations,  to  which  M.  Damoiseau  has  devoted 
l)imself,  with  a  zeal  worthy  of  all  commendation,  havt 
already  given  with  a  great  degree  of  exactness,  the  mo- 
tion of  the  comet  of  1819.*  The  same  philosopher  has 
likewise  calculated  the  next  return  of  the  comet  of  1 7d9  to  its 
perihelion,  and  the  academy  of  Turin  has  rewarded  him  for 
this  laborious  task  by  decreeing  him  the  prize  which  had 
been  offered  on  that  subject*  x  et  the  importance  of  these 
questions  has  made  it  appear  desirable  to  you  that  the  theo- 
ries of  these  two  comets  should  be  made  more  perfect,  and 
in  proposing,  at  your  last  meieting,  the  general  theory  of 
the  perturbations  of  comets  as  the  subject  of  the  prize 
of  18S6,  you  have  mentioned  as  particular  applications, 
the  motk>n  of  these  two  comets,  so  different  from  each  other 
in  the  duration  of  their  revolutions*  We  unite  with  you  in 
the  hope  that  geometers  and  astronomers,  not  connected 
with  the  Academy,  will  answer  to  your  appeal,  but  in  the 
mean  time  we  must  not  do  the  less  justice  to  the  researches 
of  M«  Damoiseau.  We  think  that  they  decree  your  appro* 
bation,  and  we  would  propose  to  you  to  direct  that  the 
Memoir  of  which  we  have  given  you  an  account,  be  printed 
in  the  Recueil  des  Savons  itrangers*  This  report  and  its 
conclusions  were  approved  by  the  Academy  in  the  session 
•f24tbMay,  1824. 


Abt.  XV. — On  the  Influence  of  Solar  Ldeht  on  the  Process  of 
Caulmstion.  By  Thomas  M'Keeveb,  M.  D*     (Abridged 
iar  this  Journal  from  the  Ann.  Phil,  by  H.  D.  Ward.) 

The  popular  opinion  that  the  sun's  rays  falling  directly  upoo 
a  common  fire,  have  the  effect  of  retarding  the  progress  of  com* 
busbon,  induced  Dr.  M^Keever  to  institute  several  experiments, 
with  a  view  to  determine  its  accuracy.  And  we  are  happy  to 
fad  another  proof  of  the  position,  that  opinions  generally  entw- 
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tained  among  men,  do  commonly  rest  more  or  less  on  experience 
and  observation. 

Exper.  1. — ^Two  portions  of  green  wax  taper,  each  weighing 
ten  grains,  were  both  ignited  at  the  same  moment.  One  was 
placed  in  a  darkened  room,  the  other  exposed  to  broad  sunshine 
ui  the  open  air.  Thermometer  in  the  sun,  78^  Fahr.  ;  in  the 
room  67^. 
'    In  five  minutes  that  placed  m  the  sunshine  lost  8} 

Darkened  room,    ----^------     9-* 

Exper.  3. — A  common  mould  candle,  fourteen  inches  in 
length  and  tliree  in  circumference,  was  accurately  divided  into 
inches,  half  inches  and  eighths,  and  exposed  in  the  first  instance 
to  strong  sunshine.  Thermometer  89°  Fahr.  ;  atmosphere  re- 
markably calm  : — to  consume  one  inch  it  took  b^'Qf' 
In  darkened  room,  (Temp.  68°  F.),  -  -  -  SG'O" 
In  ordinaiy  daylight,  fTemp.  68°  F.),        -    -     6710" 

Exper.  5. — ^Two  lanterns,  one  coated  with  black  paint  and 
the  ottier  naked,  were  each  furnished  with  a  portion  of  taper  of 
precisely  equal  weights,  and  both  exposed  to  the  full  glare  of 
sunshine.     In  ten  minutes 

that  in  painted  lantern  lost       16^    grains, 
that  in  uncoated  lantern,     -     15    grains. 

Dr  M'Keever,  by  varying  the  last  experiment,  sought  also  the 
results  of  combustion  in  the  full  light  of  the  moon,  but  could  de- 
tect do  difference  between  the  combustion  of  the  tapers  in  the 
different  lanterns,  whether  m  moonlight  or  in  a  darkened  room. 

In  reasoning  upon  these  results,  says  Dr  M'Keever,  it  oc- 
curred to  me  that  diey  were  probably  owing  to  the  weQ  known 
decomposing  power  possessed  by  the  solar  rays,  in  consequence 
of  which  the  shell  of  air  diat  immediately  encircles  a  particle  of 
matter  about  to  enter  into  combustion,  is  deprived,  to  a  certain 
extent,  of  its  oxygenous  principle  ;  and  is  thus  rendered  less  fit- 
ted for  die  maintenance  of  this  important  process. 

As  die  solar  rays  are  now  ascertained  to  consist  of  three  dis- 
tinct species  of  radiant  matter,  viz.  those  that  impan  heat,  those 
that  impait  light,  and  the  chemically  acting  rays,  it  appeared  to 
me  tliat  the  best  mode  of  putting  this  conjecture  to  the  test  of 
experiment,  would  be  to  try  whether  any  difference  could  be 
detected  in  the  loss  sustained  by  a  lighted  taper  when  exposed 
to  die  several  portions  of  the  solar  spectrum. 

I  allowed  the  rays  of  one  colour  only  to  pass  at  a  time 
tlirough  an  opening  made  in  a  piece  of  pasteboard,  the  room 

*  Experimcnis  two  and  four^only  confirm  the  general  result,  and  are  omitted  in 
this  abstract. 
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being  darkened,  and  the  prism  operatinf  by  means  of  an  open- 
ing in  the  window  shutter.     A  piece  of  green  taper  accurately 
marked  after  the  usual  manner,  was  now  ignited,  and  submitted 
to  different  portions  of  the  spectrum,  with  the  following  results. 
To  consume  two  inches  of  taper  in  the 

red  ray,  it  took     ------  8' 0 

green  ray,       -    -    -     -         -     -     8' 20" 

violet  ray, 8'  39' 

verge  of  violet  ray,       -     -     .     -     8^  bV 
Commencing  with  the  violet  ray,  it  took  to  consume  one  inch 
at  the 

verge  of  the  violet  ray.     -    -    -    -    4'  36'' 

in  the  centre  of  the  violet  ray,    -    -    4'  26'' 
green  ray,    --------4'  20^' 

red  ray,       --------4'  15// 

This  short  enquiry  then,  although  perhaps,  not  conducted 
with  all  that  delicacy  and  precision  so  necessary. for' strict  philo- 
sophical research,  would  apppear  to  warrant  two  conclusions  of 
some  interest.  First,  that  the  solar  rays,  in  proportion  to  their  m- 
tensity,  are  possessed  of  the  power  of  retarding,  to  a  considera- 
ble degree,  the  process  of  combustion  ;  and  that  consequendy, 
the  popular  ideas  on  this  subject  are  founded  in  truth.  Second- 
ly, that  this  phenomenon  is  occasioned  by  the  action  of  the 
chemical  rays  on  the  portion  of  the  atmospheric  air,  that  imme- 
diately envelopes  a  particle  of  matter  about  to  enter  into  a  state 
of  combustion,  aided  no  doubt  by  the  high  temperature  of  the 
portion  of  materials  that  have  aheady  commenced  this  pro- 
cess. 


Abt.  XVI. — An  aiiempi  to  establish  the  first  Prindphs  ofQu" 
mistry  by  Experiment.  By  Thomas  Thomson,  M.  D. 
F.  R.  S.  Re8;ius  Professor  of  Chemisdy  in  the  University  of 
Glasgow,  2  Vols.  8vo.  Lond.  1825.     [W.] 

While  chemistry  mvites  the  philosopher  to  explore  the  won- 
ders of  nature,  and  unfold  the  laws  regulating  its  mysterious 
Erocesses,  it  holds  out  inducements,  less  ennobling  it  is  true, 
ut  not  less  powerful,  to  the  artist  and  manufacturer,  m  the  hope 
it  mspires  of  increasing  his  pecuniary  advantages.  Besides 
the  number  of  general  students  it  has  drawn  from  the  retreats 
of  classical  literature,  and  the  abstruser  sciences,  a  crowd  of 
Bost.  Jour.  JVor.  4r  Dec.  1825.  23 
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votaries  have  appeared  from  the  more  busy  walks  of  life. 
It  has  created  a  new  population  of  scientific  artists  and  prac- 
tical pliilosophers,  who  are  to  be  sought  in  the  workshop  and 
in  the  manutactory. 

In  tliose  countries  where  the  arts  have  attained  a  high  degree 
of  perfection,  there  are  probably  few  men  who  aim  at  precision 
in  their  processes,  that  do  not  become  students  of  chemistry,  and 
who  do  not  follow  with  lively  interest,  every  discovery  m  that 
science  wjiich  may  in  any  way  affect  their  peculiar  occupations. 
The  multitude  of  scientific  journals,  elements,  dictionanes,  and 
systems  of  chemistry  which  the  press  is  continuaDy  pouring  forth, 
and  to  which  a  valuable  addition  has-been  made  in  the  work  of 
Dr  Thomson,  indicate  the  spirit  which  is  abroad,  and  the  increas- 
sing  multitude  of  scientific  readers.  Although  a  difference  of 
opinion  may  exist  among  chemists,  in  regard  to  some  of  the 
views  of  Dr  Thomson,  we  cannot  but  think  they  will  agree  in 
considering  this  as  the  most  elaborate  and  original  work  on 
ohemical  philosophy  which  has  appeared  for  many  years. 

Dr  Thomson's  volumes  abound  in  new,  ingenious,  and  delicate 
experiments,  the  object  of  which,  was  to  determine  the  atomic 
weight  of  bodies ;  or,  in  the  language  of  the  author,  to  reduce 
the  whole  doctrine  of  atoms  to  tlie  utmost  degree  of  simplicity 
and  accuracy,  so  as  to  put  it  in  the  power  of  the  chemical  man- 
ufacturers in  general,  to  avail  themselves  of  it  in  order  to  bring 
their  processes  to  the  requisite  degree  of  precision. 

Whatever  degree  of  hypodiesis  may  have  been  blended  with 
the  discussions  and  views  in  which  the  atomic  theory  is  concern- 
ed, it  has  now  attained  .  a  value  and  importance  far  beyond 
what  its  early  advocates  could  have  anticipated.  Among  other 
advantages,  it  is  conceived  by  Dr  Thomson,  that  a  knowledge 
of  the  atomic  weights  of  bodies,  and  of  the  weights  of  the  inte- 
gral particles  of  tlie  salts,  will  be  found  highly  useful  to  medical 
Eractitioners.  It  will  enable  them  "to  avoid  some  very  awkward 
lunders,  into  which  too  many,  even  of  considerable  celebrity,  . 
frequently  fall,  to  the  no  small  inconvenience  of  their  patients. 
Among  chemists  too,  remarkable  examples  could  be  pointed  out,  , 
of  men  who  would  take  it  amiss  if  the  world  did  not  give  diem 
credit  for  possessing;  much  chemical  science,  falling  into  mis- 
takes, that  no  student  who  had  followed  and  understood  the 
lectures  on  chemistrj'^,  delivered  at  the  College  of  Glasgow, 
would  run  any  hazard  of  committing." 

The  publication  of  the  present  work  has  shown  that  Dr 
Thomson  has  not  been  content  with  the  faithfiil  performance 
of  the  prescribed  duties  of  liis  ofBce,  but  with  indefatigable  zeal, 
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has  devoted  no  small  portion  of  his  "  leisure'*  hours,  to  private 
and  laborious  investigation.  The  results  which  are  contained  in 
these  volumes,  will  speedily  become  known  wherever  science  is 
cultivated,  and  redound  not  less  to  the  honor  of  the  University, 
than  to  that  of  its  distinguished  professor. 

Dr  Thomson's  work  contains  the  results  of  many  thousand 
experiments,  which  have  occupied  the  whole  of  his  time,  except 
what  was  necessarily  devoted  to  the  duties  of  his  situation,  for 
the  last  five  years  ;  an  appropriation  of  time  Tvhich  may,  to  Aose 
unacquainted  with  the  subject,  seem  unnecessarily  large  ;  but 
which  is  fully  warranted  by  die  importance  of  the  subject,  and 
the  necessity  of  obtaining  accurate  results.  Those  who  are  not 
practically  conversant  with  the  minute  details  of  experiments 
like  these,  and  who  have  not  watched  the  progress  oi  chemical 
science,  can  have  but  very  imperfect  notions  of  the  degree  of 
accuracy  and  precision,  which  its  processes  have  acquired,  and 
of  the  amount  of  time  they  consume.  The  processes  of  che- 
mistry have  arrived  within  a  few  years,  at  such  a  degree  of  pre- 
cision and  accuracy,  and  so  much  care  is  now  bestowed  upon 
experiments,  that  we  may  rely  upon  the  results  within  less 
than  one  per  cent.  I  believe,  indeed,  says  Dr  Thomson,  that 
the  error  in  many  of  BerzeUus'  analyses  does  not  exceed  one 
thousandth  part. 

As  a  specimen  of  the  manner  in  which  the  experiments  of 
Dr  Thomson  were  conducted,  we  shall  sekct  a  portion  of  the 
section  relating  to  the  composition  of  zinc.  As  it  had  been 
demonstrated  by  Gay-Lussac  and  Humboldt,  that  water  is  a 
compound  of  oxygen  and  hydrogen  gases,  in  the  proportion 
of  one  volume  of  the  former  to  two  volumes  of  the  latter,  it 
occurred  to  Dr  Thomson  that  by  a  very  careful  analysis  of 
water,  the  relation  between  the  volumes  and  the  weights  of 
these  gases  might  be  determined.  These  experiments  were 
made  by  means  of  zinc,  and  it  therefore  became  highly  im- 
portant to  ktjow  the  exact  composition  of  the  oxide  of  that 
metal.  The  zinc  of  commerce  is  never  perfectly  free  from 
carbon,  and  small  quantities  of  other  metals  ;  that 

• 

The  zinc  employed  by  Dr.  Thomson  '^  was  obtained  by  ex- 
posing common  zinc  to  a  white  heat  in  a  stone-ware  retort, 
luted  to  a  receiver  nearly  filled  with  water.  At  this  temperature, 
the  zinc  is  sublimed,  and  freed  from  all  its  impurities,  except  a 
trace  of  cadmium  too  minute  to  occasion  any  sensible  error  in 
the  result  of  the  experiments.  The  zinc  thus  distilled  over, 
shoald  be  melted  in  a  crucible,  and  poured  upon  the  surface  of 
a  clean,  smooth  sandstone.    We  thus  obtain  it  in  a  thin  sheet 
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which  caD  he  easily  hroken  into  small  pieces  to  suit  the  ohject 
in  view. 

21-25  grains  of  this  zinc  were  introduced  into  a  smkll  green 
glass  retort,  the  weight  of  which  had  heen  previously  determined*- 
As  much  very  weak  but  pure  nitric  acid  as  was  fully  sufficient 
to  dissolve  the  whole  zinc  was  introduced  into  the  retort  As 
soon  as  the  metal  was  all  dissolved,  a  receiver  was  applied  to 
the  retort  which  was  placed  in  hot  sand,  and  allowed  to  remain 
till  the  whole  liquid  contents  had  distilled  over.  The  liquid  in 
the  receiver  was  saturated  with  carbonate  of  ammonia^  and  boiled 
for  some  time  to  see  whether  it  contained  any  zinc ;  but  no  pre- 
cipitate appeared. 

The  retort,  thus  freed  from  its  liquid  contents,  was  placed 
upon  a  charcoal  fire,  and  kept  for  about  an  hour  in  a  dull  red 
heat.  This  Completely  decomposed  the  nitrate  of  zinc,  which 
existed  at  first  in  the  retort,  dissipated  the  nitric  acid,  and  left 
nothing  behind  but  the  21*25  grains  of  zinc,  now  converted  into 
an  oxide.  Being  placed  in  the  scales,  the  zinc,  by  being  oxyd- 
ized,  was  found  to  have  increased  in  weight  5  grains.  Thus,  it 
appears  that  oxide  of  zinc  is  composed  of 

Zinc        21,25 
Oxygen     5 

26,25 

or,  dividing  each  constituent  by  5  to  bring  them  to  their  lowest 
terms,  of 

Zinc        4,25 

Oxygen   1 

5.25 

• 

As  zinc  combines  with  oxygen  in  only  one  proportion,  it  is  rea*- 
sonable  to  conclude  that  the  oxide  is  a  compound  of  1  atom  zinc 
and  ]  atom  oxygen.  If  this  supposition  be  admitted,  the  atom 
of  zinc  is  obviously  4^  times  heavier  than  the  atom  of  oxygen. 
And  if  we  represent  the  atomic  weight  of  oxygen  by  unity,  then 
the  atomic  weight  of  zinc  will  be  4*25,  and  the  integrant  par- 
ticle of  ozide  of  zinc  will  weigh  5-25 ;  or  in  other  words,  5*25 
of  oxide  of  zinc  will  just  saturate  an  integrant  particle  of  any 
add  with  which  it  is  capable  of  combirung.  The  law  holds 
with  all  acids ;  but  I  shall  at  present  verify  it  only  by  referring 
to  three  acids;  namely,  the  sulphuric,  carbonic,  and  arsenic 
acids,  it  will  be  shown  in  the  5th,  1st,  and  7th  sections  of  the 
sixth  chapter  of  this  work,  that  the  atomic  weights  of  these  acids 
are  as  follows : 

Sulphuric  acid         5 

Carbonic  acid         2,75 

Arsenic  acid  7,75 
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Now,  6*25  of  oxide  of  zinc  will  jast  saturate  6  of  snlplraric  acid, 
2.75  of  carbonic  acid,  and  7*75  of  arsenic  acid ;  or  in  other 
words,  tiie  sulpliate,  carl>onate,  and  arseniate  of  zinc,  sapposing 
tiiem  anhydrous,  are  composed  as  follows : 

1.  SULPHATE  OF   ZINC. 

Sulphuric  acid       5 
Oxide  of  zinc         5,25 

2.  CARBOHATE  OF  ZIITC. 

Carbonic  acid         2,75 
Oxide  of  zinc  5,25 

3.  Arseniate  of  zinc. 

Arsenic  acid  7,75 

Oxide  of  zinc  5,25 

We  shall  verify  this  statement  by  a  rigid  analysis  of  these  three 
salts. 

1.  Sulphate  or  ZINC. 

Sulphate  of  zinc,  or  white  vitriol,  is  a  well  known  salt  which 
crystallizes  in  beautifully  transparent  four-sided  prisms,  termi- 
nated by  four-sided  pyramids  ;  or  if  the  crystallization  be  rapid, 
it  assumes  the  form  of  long  slender  white  needles,  ^owever 
carefully  prepared,  it  always  reddens  vegetable  hlues.  But  it 
crystallizes  also  with  an  excess  of  acid.  In  that  case,  the  crystals 
assume  the  form  of  large  flat  rhomboids,  which  are  not  altered 
by  exposure  to  the  air,  and  may  be  raised  to  the  temperature  of 
at  least  500^  without  being  deprived  of  their  excess  of  acid.* 

18*125  grains  of  the  neutral  sulphate  of  zinc  were  dissolved 
in  distilled  water,  and  precipitated  by  a  solution  of  carbonate  of 
soda.  The  precipitate  was  separated  from  the  liquid  by  means 
of  a  doable  filter,  consisting  of  two  pieces  of  unsized  and  well 
washed  printing  paper,  made  previously  of  the  same  weight. 
The  carbonate  of  zinc  on  the  filter  was  washed  with  distilled 
water,  till  the  liquid  which  passed  through  ceased  to  render  mo- 


*  I  am  doabtful  whether  this  salt  constitates  a  traly  distinct  species.    I 
ibuod  its  composition. 

1^  atom  acid  6,66 
1  atom  oxide  6,25 
8  atoms  water    9.00 

20,91 
or,  it  consists  of  one  atom  of  the  potrohydrate  of  salphuric  acid,  combined 
Mth  three  integrant  particles  of  the  neutral  salt. 
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tiate  of  barytes  muddy.  The  filter  was  sospended  la  a  lioen  hzg 
above  the  sand  bath,- in  a  temperature  of  85%  till  it  was  appar* 
^ntly  dry ;  and  it  was  finally  left  for  some  time  in  a  temperature 
of  about  212^.  It  was  afterwards  weighed  by  placing  the  two 
filters  in  opposite  scales,  and  adding  weights  till  the  two  scales 
were  exactly  counter  poi&ed.  The  weight  of  the  carbonate 
of  zinc  was  exactly  8  grains.  It  was  put  into  a  platinum 
crucible,  which  was  covered  with  a  lid,  and  exposed  for  half  an 
hour  to  a  red  heat.  There  now  remained  5-25  grains  of  oxide 
of  zinc. 

Thus  it  appears,  that  18*125  grains  of  sulphate  of  zinc,  in  crys- 
als,  contain  5.25  grains  of  oxide  of  zinc.  It  is  still  easier  to 
prove  that  the  sulphuric  acid  contained  in  this  quantity  of  the 
salt  weighs  precisely  5  grains. 

But  it  will  be  necessary  to  state»  in  the  first  place,  that  when 
15*5  grains  of  crystallized  muriate  of  barytes  are  exposed  to  a 
red  heat,  they  lose  2*25  grains  of  their  weight,  and  are  convert- 
ed into  13-25  grains  of  chloride  of  barium.  When  13*25  grains 
of  chloride  of  barium  are  dissolved  in  water,  the  solution  con- 
tains just  9-75  grains  of  barytes.  Now,  9*75  represents  the  at- 
omic weight  of  barytes,  which  requires  for  saturation  exactly  5  of 
sulphuric  acid.  And  14*75  parts  of  sulphate  of  barytes  contain 
just  5  parts  of  sulphuric  acid. 

A  little  distilled  water  was  put  into  two  small  cylindrical  glass 
jars,  and  18*125  grains  of  crystallized  sulphate  of  zinc  were  dis-. 
solved  in  the  one  of  these,  and  13.25  grains  of  chloride  of  bari* 
um  in  the  other.  The  two  liquids  being  mixed,  a  double  decom- 
position took  place,  and  sulphate  of  barytes  precipitated  in  the 
state  of  a  white  powder.  This  precipitate  being  collected, 
washed,  dried,  and  heated  to  redness,  weighed  14.75  grains,  and 
therefore  contained  exactly  5  grains  of  sulphuric  acid.  A  few 
drops  of  the  colourless  liquid  from  which  this  sulphate  had  pre- 
cipitated, were  put  into  a  watch  glass,  and  a  small  quantity  of 
muriate  of  barytes  mixed  with  it ;  but  it  did  not  become  in  the 
least  muddy  or  even  opal  coloured,  showing  that  it  contained  no 
sensible  quantity  of  sulphuric  acid.  For  1  find  that  1  grain  of 
glaubcr  salt  (containing  0.2469  grain  of  sulphuric  acid)  dissolved 
in  12,000  grains  of  water,  is  sensibly  precipitated  by  muriate  of 
barytes.  Hence  it  is  clear,  that  in  the  present  experiment,  the 
quantity  of  sulphuric  acid  remaining  in  the  liquid  could  not 
amount  to  « o}^^  of  a  grain.  Indeed,  as  the  quantity  of  liquid 
never  amounted  to  1000  grains,  the  sulphuric  acid  remaining  in 
solution,  could  not  be  so  much  as  j^^t^y  of  a  grain. 

Another  portion  of  this  residual  liquid  being  mixed  with  sul- 
phate of  soda,  was  not  in  the  least  altered,  showing  that  the  li- 
quid corUaincd  no  sensible  portion  of  barytes.  Thus  it  appears, 
that  the  barytes  from  13.25  grains  of  chloride  of  barium,  or  15.5 
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graifis  of  muriate  of  bary  tes,  just  saturate  the  sulphuric  acid  in 
18*125  grains  of  sulphate  of  zinc.  Hence,  this  acid  just  weight 
5  grains. 

We  see  therefore,  that  in  neutral  sulphate  of  zinc,  5.25  parts 
of  the  oxide  are  combined  with  5  parts  of  the  acid  :  which  was 
the  thing  to  be  proved.  These  two  constituents  added  together 
make  10.25,  which  subtracted  from  18.126  leave  7.875  for  the 
quantity  of  water  of  crystallization.  It  will  appear  afterwards 
that  this  is  equivalent  to  7  atoms  of  water.  Sulphate  of  zinc  in 
crystals,  then,  is  composed  of 

1  atom  sulphuric  acid     5 

1  atom  oxide  of  zinc        5,25 
7  atoms  water  7,875 

18,125 

So  that  18.125  is  the  weight  of  an  integrant  particle  of  the  crys- 
tallized salt.  It  was  the  knowledge  of  this  that  induced  me  to 
make  choice  of  18.125  grains  of  the  salt.  My  first  experiments 
were  made  upon  a  much  larger  quantity  ;.but  I  have  ofltcn  re- 
peated them  with  18.125  grains,  and  obtained  the  result  just 
stated. 

If  the  solution  of  neutral  sulphate  of  zinc  be  concentrated  too 
much,  it  deposites,  while  still  hot,  an  opaque  crust  upon  the 
bottom  of  the  vessel.  This  crust  is  very  white,  not  so  soluble 
in  water  as  the  crystals,  and  has  not  the  least  appearance  of 
crystallization.  It  is  neutral,  though  it  reddens  vegetable  blues 
like  the  preceding  salt ;  and  being  analysed  in  the  same  way  as 
the  crystallized  sulphate,  was  found  composed  of 

1  atom  sulphuric  acid     5 
1  atom  oxide  of  zinc       5,25 
3  atoms  water  3,375 


13,625 


So  that  an  integrant  particle  of  it  weighs  13.625,  and  it  differs 
from  the  crystals  in  containing  only  3  atoms  of  water,  instead  of 
seven." 

In  the  introductory  part  of  the  present  work,  Dr  Thomson 
has  given  an  historical  sketch  of  the  developement  and  progress 
of  what  has  been  termed  the  Atomic  Theory  ;  of  this  we  shall 
now  ofier  an  abridgment  with  additional  remarks,  from  Beudant 
and  the  papers  of  other  writers  scattered  through  the  various 
scientific  journals. 

From  the  time  that  bodies  were  conceived   to  be  constituted 
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of  simple  elements,  it  was  believed  that  those  elements  were 
combined  in  certain  proportions.  The  first  accurate  experi- 
ments on  the  composition  of  one  class  of  bodies,  viz.  the  salts, 
were  made  by  Wenzel,  a  German  chemist  who  published  a  small 
work  in  the  year  1777,  entitled  Theory  of  the  jjffinities  of  two 
Bodies.  He  had  observed  that  when  two  neutral  salts  mutually 
decompose  each  other,  the  resulting  compounds  are  also  neutral ; 
and  that  the  relative  proportions  of  alkalies  and  earths  which  satu- 
rate a  given  quantity  of  the  same  acid,  are  the  same  for  all  other 
acids.  If  nitrate  of  lime  for  example,  be  decomposed  by  sul- 
phate of  potash,  the  nitrate  of  potash  suid  sulphate  of  lime  wliich 
result;,  preserve  dieir  neutrality,  for  the  relative  quantities  of  pot- 
ash and  lime  which  saturate  a  given  weight  of  water  and  sulphu- 
ric afcid  are  the  same. 

Bergmab  also  bestowed  much  attention  upon  the  determina- 
tion of  chemical  proportions,  and  explained  the  phenomena 
noticed  by  Wenzel  in  the  same  way.  Berthollet  subsequently 
endeavoured  to  prove  that  the  elements  of  bodies  have  certain 
fixed  points,  a  maximum  and  minimum,  beyond  which  they  will 
not  enter  into  combination,  but  that  between  these  limits  they 
unite  in  any  proportion.  The  phenomena  noticed  by  Wenzel 
were  likewise  observed  by  Richter,  who  endeavoured  to  deter- 
mine the  relative  capacity  of  saturation  of  the  acids  and  bases,  and 
attached  a  number  to  each  indicating  this  capacity.  The  little 
attention  which  the  labours  of  this  chemist  attracted,  is  ascribed 
by  Berzelius  to  two  causes,  viz.  1.  The  great  inaccuracy  of 
Richter's  experiments.  2.  The  violent  discussion  between  the 
antiphlogistic  and  phlogistic  system,  which  originated  about  the 
year  1787. 

The  opinions  of  Bergman  were  contested  by  Proust,  who 
demonstrated  that  the  combinations  which  metals  form  with  oxy- 
gen and  with  sulphur,  are  in  fixed  and  mvariable  proportions, 
and  that  the  supposed  intermediate  compounds  are  merely  mix- 
tures of  two  definite  oxides  or  sulphurets. 

In  tlie  year  1789,  Mr  Higgins  published  liis  "  Comparative 
view  of  the  Phlogistic  and  Antiphlogistic  Theories,"  in  which  he 
maintains  tliat  when  gases  combine  in  more  tlian  one  pr^)ortion, 
all  die  proportions  of  tlie  same  element  are  equal.  This  idea 
was  founded  on  the  corpuscular  hypothesis,,  that  bodies  combine 
particle  witli  particle,  or  vnih  one,  witli  two,  or  three,  or  a  great- 
er number  oi  particles."*     He  does  not  appear,  however,  to 
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have  prosecuted  the  enquiry,  but  it  was  left  for  the  genius  of 
Dahon  to  give  a  much  more  general  view  of  the  subject,  which 
has  been  usually  called  the  atomic  theory.  Dr  Thomscm  con- 
ceives that  the  views  upon  which  this  theory  is  founded,  occurred 
to  Mr  Dalton  in  consequence  "  of  his  own  experimental  inves- 
tigations," an  opmbn  which  though  not  subscribed  to  by  all  che- 
mists, yet  derives  some  support  from  the  remark  of  Sir  H.  Davy, 
that  Mr  Dalton  had  apparently  no  knowledge  of  what  Mr  Hig- 
gins  had  written.*  The  account  which  Dr  Thomson  gives  of 
his  first  knowledge  of  the  views  of  Mr  Dalton  is  as  foUows. — 
^'  I  first  visited  turn  at  Manchester  on  the  26th  of  August,  1804, 
and  on  that  day  he  explained  to  me  his  notions  respecting  the 
compositioa  of  bodies.  The  ultimate  particles  of  all  simple  bo- 
dies, are  in  his  opinion  atoms  incapable  of  further  division. 
Thesfs  atoms  (which  Mr  Dalton  supposes  to  be  surrounded  by 
atmospheres  oi  heat,)  are  all  spheres,  and  are  all  of  them  pos- 
sessed of  particular  weights  which  may  be  denoted  by  numbers. 
And  he  represented  the  atoms  of  the  simple  bodies  by  symbols." 

In  1807,  Dr  Thomson,  published  a  sketch  of  this  hypothesis 
in  the  third  edition  of  his  system  of  chemistry.  In  1808,  Mr 
Dalton  published  the  first  volume  of  his  new  system  of  che- 
mical pmlosophy.  The  second  volume  appeared  b  1810,  in 
which  he  examined  the  combinations  of  oxygen  with  hydrogen, 
azote,  carbon,  sulphur  and  phosphorus  ;  and  various  other  com- 
binations which  he  showed  to  be  in  accordance  with  the  atomic 
theory.  The  third  volume  of  this  important  work,  Dr  Thom- 
son remarks  has  been  printed  for  several  years,  but  the  authcnr 
has  d^ueht  proper  to  withhold  it  firom  the  public. 

The  views  of  Mr  Dalton  have  received  great  support  from  the 
experiments  of  Dr  WoUaston  and  others.  Berzelius  has  remark- 
ed that  this  discovery  may  be  considered  without  exaggeration,  as 
one  of  the  greatest  steps  that  chemistry  has  ever  made  towards 
perfection,  and  that  the  honour  of  the  mvention  of  the  doctrine  of 
multiple  proportions  b  due  to  Dalton  abne. 

In  order  to  express  the  relative  weights  of  the  atoms  of  bodies, 
it  was  found  necessaiy  to  assume  the  atom  of  some  body  as  a 
standard  or  unity.  Mr  Dalton  made  choice  of  the  atom  of  hy- 
drogen, and  in  this  he  has  been  followed  by  Davy,  Brande, 
Dr  Henry,  and  various  other  chemical  writers.  Other  chemists 
have  assumed  oxygen  as  the  unit,  and  among  these  is  Ur  Thom-' 
son,  who  asfflgns  the  following  reasons. 

^^  It  is  obvious,  that  the  ratios  are  mach  more  easily  observed, 

*  Elements. 
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and  much  more  easily  employed,  the  smaller  the  numbem  are, 
by  which  they  are  denoted.  Thus  the  ratio  of  89841  to  116225 
is  the  same  as  that  of  1  to  3.  .  But  how  very  ipconvenient  would 
the  great  number  of  figures  be,  compared  with  the  simple  num- 
ber 1  :  3.  It  is  therefore  highly  important  in  chemistry,  that  the 
atomic  weights  of  bodies  should  be  represented  by  the  smallest 
possible  numbers.  Now,  when  we  make  the  atom  of  oxygen 
unity,  the  atomic  weights  of  all  bodies  are  represented  by  num- 
bers eight  times  less  than  they  would  be  if  the  atom  of  hydrogen 
be  unity.  It  has  been  represented  by  some  persons,  in  favour  of 
the  atom  of  hydrogen  being  unity,  that  in  that  case  the  atomic 
weight  of  every  body  is  a  whole  number  ;  whereas,  when  oxy- 
gen is  the  unity,  fractions  are  frequently  unavoidable.  And  these 
fractions,  it  is  said,  render  the  atomic  weights  more  complicated 
and  unmanageable,  than  the  greater  size  of  the  whole  numbers 
deduced  from  hydrogen  as  a  unity.  But  this  view  of  the  subject 
18  quite  erroneous.  It  will  be  shown  in  this  work,  that  even 
when  oxygen  is  made  unity,  nearly  one  half  of  all  the  atomic 
weights  of  bodies  are  whole  numbers.  And  when  fractions  exist, 
they  are  always  either  0.25,  0-6,  or  0.75 ;  except  in  four  or  five 
cas^s,  when  the  fraction  is  0*125,  0*375,  or  0*625.  If  hydrogen 
be  unity  the  atom  of  manganese  is  28,  while  it  is  3^  if  oxygen 
be  unity.  The  atom  of  barytes  on  the  former  supposition  is  78, 
on  the  latter  9j.  Now  surely  it  will  not  be  said  that  the  frac- 
tional numbers  are  more  unwieldy,  or  more  unmanageable  than 
the  whole  numbers  ;  while  in  all  cases  of  whole  numbers  the 
advantage  on  the  side  of  the  latter  method  is  veiy  gpreat  Thus, 
,  if  hydrogen  be  unity,  the  atom  (>f  uranium  is  208,  while  if  oxy« 
gen  be  unity  it  is  only  26." 

The  next  step  in  the  progress  of  the  atomic  theory  is  to  be 
found  in  the  researches  of  Gay-Lussac  and  Humboldt,  who 
found  that  one  volume  of  oxygen  gas  combines  with  two  volumes 
of  hydrogen  gas  to  form  water.  The  first  of  these  two  philoso- 
phers some  time  after,  found  that  gases  in  general  unite  with 
each  other  in  a  very  simple  manner  ;  one  volume  of  one  gas, 
either  combining  with  one  volume,  with  two,  or  with  half  a  vcir 
ume  of  the  other ;  or  in  otlier  words,  that  gases  either  cdmbme 
in  equal  volumes,  or  the  volume  of  one  gas  is  a  multiple  by  a 
whole  number  of  that  of  the  other.  It  has  been  remarked  by  an 
eminent  chemist,  that  if  we  substitute  the  word  cUom  for  that  of 
volume,  and  imagine  the  substance  to  be  in  the  solid  instead  of 
the  gaseous  state,  Gay-Lussac's  theory  coincides  exactly  with 
Dalton's,  and  is  a  direct  confirmation  of  its  truth.  But,  says  Dr 
Thomson,  Mr  Dalton,  instead  of  welcoming  the  papers  which 
contained  the  discovery  of  Gay-Lussac,  as  an  important  addition 
to  his  own  views,  set  himself  to  show  that  Gay-Lussac's  opinions 
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were  iD  finmded.  The  subsequent  researches  of  chemists,  how- 
ever, '^  have  left  no  doubt  about  their  accuracy ;  and  if  Mr 
Dalton  still  withholds  hb  assent,  he  is,  I  believe,  the  only  living 
chemist  who  does  so." 

Dr  Thomson,  at  page  19,  has  taken  a  very  interesting  notice 
of  Professor  Berzelius,  of  Stockholm,  who  has  done  so  much  for 
the  establishment  of  the  atomic  theory.  To  him  are  we  indebt- 
ed for  a  far  greater  number  of  accurate  analyses,  than  to  the 
whole  chemical  world  put  togedier.  This  indefatigable  chemist 
has  embraced  every  department  of  chemistry  with  equal  ardour, 
and  to  such  a  degree  of  accuracy  has  he  attained,  that  as  already 
remarked,  it  is  believed  the  error  in  many  of  liis  analyses  does 
not  exceed  one  thousandth  part. 

As  the  views  of  Berzelius  are  peculiarly  interesting,  we  sliall 
avail  ourselves  of  the  notice  lately  taken  of  them  by  Mr  Children,^ 
reserving  any  further  account  of  Dr  Thomson's  work  for  a  fu- 
ture number. 

When  we  reflect  on  the  cause  of  chemical  proportions,  the 
most  probable  idea  that  presents  itself  to  our  imagination  is,  that 
all  bodies  are  composed  of  elementary  particles  or  atoms,  inca*- 
pable  of  mechanical  division,f  and  which  unite  together  in  such 
a  manner,  that  an  atom  of  one  element  combines  widi  1,2,  3, 
&c.  atoms  of  another  element.  With  this  simple  postulate,  to 
which  the  mind  readily  accedes,  it  is  easy  to  explain  all  the  phe- 
nomena of  chemical  proportions.  By  the  union  of  two  or  more 
elementary  atoms,  compoimd  atoms  are  formed  wliich  are  as  in- 
capable of  mechanical  division  as  the  former,  and  these  again 
unite  together  to  form  still  more  compound  atoms,  and  so  on  to 
the  most  compound.  Berzelius  divides  these  several  combina- 
tions into  separate  orders — the  simplest,  or  the  atoms  of  the  first 
order,  are  composed  of  simple  elementary  atoms,  and  are  either 
inorganic,  or  organic.  The  former  contains  only  two  elements, 
the  latter  always  three  at  least.  Compound  atoms  of  the  second 
order  are  produced  by  the  union  of  compound  atoms  of  the  first 
order  ;  those  of  the  third  by  the  union  of  atoms  of  the  second  or- 
der, &c.  Thus  sulphuric  acid,  potash,  and  water,  are  compound 
atoms  of  the  first  order,  since  they  consist  only  of  a  base  and 
oxygen.  Sulphate  of  potash  and  sulphate  of  alumina  are  atoms 
of  the  second  order,  being  formed  by  the  union  of  compound  atoms 
of  the  first  order.  Anhydrous  alum,  which  is  composed  of  the 
two  last  mentioned  salts,  belongs  to  the  third  order ;  and  crystal- 
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jzed  alum,  which  besides  those  elements,  also  contains  several 
atoms  of  water,  is  an,  instance  of  a  compound  of  the  fourth  order. 

"  But  taking  it  for  granted  that  bodies  are  composed  of  indi- 
visible atoms,  certain  laws  must  regulate  their  combinations,  in 
order  to  establish  them  in  definite  chemical  proportions,  and  on 
which  the  constancy  of  those  proportions  must  depend.  The 
existence  of  such  laws  and  the  probable  manner  in  which  ele- 
mentary atoms  combine,  is  inferred  from  experiment,  which 
teaches  us  that 

"  1.  An  atom  of  one  element  combines  with  one^  iwo^  ihree^  or 
more  atoms  of  another  element.  This  is  of  most  frequent  oc- 
currence, so  that  in  the  greater  number  of  compound  atoms,  one 
of  the  elements  enters  only  as  a  single  atom. 

^'  2.  Two  atOTM^  one  element  combine  with  three  atoms  of 
another  element.  This  may  happen  whenever  the  quantity  of 
oxygen  in  a  protoxide  is  to  that  in  the  deutoxide  as  1  :  ly  ; 
as  is  the  case  with  iron.  If  the  first  oxide  be  composed  of  an 
atom  of  base  united  to  an  atom  of  oxygen,  the  second  must  con- 
tain two  atoms  of  base  united  to  tliree  atoms  of  oxygen  ;  for 
there  can  be  no  such  thing  as  half  an  atom.  This  apparent 
anomaly  may  be  reconciled  in  a  diiierent  manner,  by  supposing 
that  there  may  be  another  liitherto  unknown  oxide  of  iron, 
containing  half  the  quantity  of  oxygen  that  is  contained  in  the 
lowest  of  the  two  known  oxides.  According  to  this  view,  an 
atom  of  base  in  the  unknown  oxide  is  united  to  one  atom  of  ox- 
ygen, and  in  the  two  kno^n  oxides  to  two  and  three  atoms  re- 
spectively. Dr  Thomson  widi  Berzelius  adopts  the  fonner 
solution. 

"  In  the  compound  atoms  of  the  second  order,  the  ratio  of  two 
atoms  of  one  element  to  three  of  another  is  found  less  equivo- 
cally, Ihough  the  instances  are  rare.  Thus  the  hydrated  red 
oxide  of  iron  is  composed  of  two  atoms  of  oxide  combined  with 
three  atoms  of  water ;  the  subsulphate  of  copper  contains  two 
atoms  of  acid  and  three  atoms  of  base.  Unless  we  ccmsider 
these  as  tlie  true  proportions  of  the  elements  of  the  above  com- 
pounds, we  must  suppose  the  oxide  of  iron,  as  well  as  the  sul- 
phuric acid,  to  contain  six  atoms  of  oxygen;  but  till  new  facts 
show  tlie  probability  of  that  supposition,  there  is  sufficient  ground 
for  considering  the  ratio  to  be  that  of  2  :  3.  There  is  no  rea- 
son for  supposmg  that  two  atoms  of  one  element  combine  with 
four,  five,  six,  or  a  greater  number  of  atoms  of  another  element, 
but  in  the  varied  productions  of  the  mineral  kingdom,  we  find 
compounds  somewhat  different  from  those  we  can  produce  in 
our  laboratories.    Amongst  the  siUcates,  combinations  in  which 
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three  compound  atoms  of  the  first  order  are  united  to  four  of 
the  same  order  are  frequent,  as  in  laumonite,  amphigene,  be.  ; 
but  in  our  artificial  productions,  analogous  cases  are  extremely 
rare. 

^'  As  a  general  conclusion,  we  may  assume,  that  in  inorganic 
compounds  the  simple  atoms  combme  in  very  limited  proportions ; 
the  most  conamon  is  that  of  one  atom  of  one  element  with  one 
or  more  atbms  of  another  element,  so  that  in  most  compounds, 
one  of  the  elements  may  be  represented  by  unity  :  the  next  most 
comnK>n  proportion  is  that  of  two  atoms  of  one  element  to  three 
of  another  ;  and  in  the  mineral  kingdom,  in  the  compound  atoms 
of  the  third  and  fourth '  orders,  we  sometimes  meet  with  three 
atoms  of  one  body  united  to  four  atoms  of  another  body. 

^*  There  is  another  law  which  according  to  Berzelius,  regu- 
lates the  combmation  of  compound  atoms  of  the  first  order ; 
namely,  that  oxidated  bodies  always  combine  in  such  proportions 
that  the  number  of  atoms  of  oxygen  in  one  of  them  is  a  multi- 
ple by  a  whole  number  of  the  number  of  .atoms  of  oxygen  in  the 
other ;  and  in  like  manner,  in  the  combinations  of  sulphuretted 
bodies,  the  sulphur  in  cxie  is  a  multiple  by  a  whole  number  of 
the  sulphur  in  the  other.  Or,  to  express  the  law  in  general 
terms,  compound  atoms  of  the  first  order,  having  a  common  elec- 
tro-negative element,  combine  in  such  proportion  that  the  electro- 
negative element  of  one  atom  is  always  a  multiple  by  a  whole 
number  of  the  electro-negative  element  of  the  other. 

^*  The  only  known  exceptions  to  this  law  are  the  acids  of 
phosphorus,  nitrogen  and  arsenic,  which  combine  with  other  ox- 
idated bodies  in  such  proporticm  that  the  number  of  atoms  of 
oxygen  m  the  oxide  is  one  or  more  J^hs  of  the  number  of 
atoms  of  oxygen  in  the  phosphoric,  nitric,  and  arsenic  acids,  and 
one  or  two  tturdi  of  the  same  number  in  the  phosphorus,  nitrous 
and  arsenious. 

"  When  two  salts,  having  a  common  acid  but  difiFerent  bases 
combine,  the  number  of  atoms  of  oxygen  hi  one  of  the  bases  is  a 
multiple  by  a  whole  number  of  the  number  of  atoms  of  oxygen 
in  the  other ;  and  consequently,  the  acid  in  one  of  the  salts  is  a 
multiple  by  a  whole  number  of  the  acid  in  the  other.  In  alum 
and  &ldspar,  the  number  of  atoms  of  oxygen  m  the  alumina  is 
triple  the  number  of  atoms  of  ox^en  in  the  potash ;  and  in 
like  manner  the  quantity  of  sulphuric  acid  and  of  silica,  respect- 
ively combined  with  the  alumina,  is  triple  that  combined  witth 
the  potash.  In  the  double  tartrate  of  potash  and  soda,  die  two 
alkalies  contain  tlie  same  number  of  atoms  of  oxygen,  and  are 
c(msequendy  ccmbined  with  the  same  number  of  atoms  of  tar- 
taric acid. 
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'^  When  two  salts,  having  a  conunon  base  but  different  acids 
combine,  the  number  of  atoms  of  oxygen  of  the  porticm  of  the 
base  combined  with  one  of  the  acids  is  a  multiple  by  a  whole 
number  of  the  tiumber  of  atoms  of  oxygen  in  the  portion  of  base 
combined  with  the  other  acid  ;  or,  )be  number  of  atoms  of  oxy- 
gen in  one  of  the  salts  is  a  multiple  by  a  whofo  number  of  the 
atoms  of  oxygen  in  the  other;  We  have  an  instance  of  this  spe- 
cies of  combination  in  Datholite,  a  compound  of  borate  and 
silicate  of  lime,  in  which  the  lime  is  equally  divided  between 
the  two  acids  ;  whilst  in  the  blue  carbonate  of  copper,  the  quan- 
tity of  base  combined  with  the  carbonic  acid  is  twice  as  great  as 
that  combined  with  the  water. 

^^  In  organic  bodies,  the  compound  atoms  of  the  first  order 
contain  at  least  three  elements,  oxygen,  hydrogen,  and  carbon, 
and  their  atoms  are  capable  of  combining  in  all  sorts  of 
proportions,  so  that  neither  of  them  can  be  taJcen  as  unity  with 
reference  to  the  rest.  But  when  organic  atoms  of  the  first  order 
combine  with  compound  inorganic  atoms  of  the  first  order,  as 
when  a  vegetable  acid  combines  with  an  oxide,  they  follow  the 
same  laws  that  regulate  the  combinations  of  the  compound  inor- 
ganic atoms,  and  die  oxygen  of  the  organic  atom  is  a  multiple, 
or  sometimes  a  submultiple,  by  a  whole  number  of  the  oxygen  of 
the  compound  inorganic  atom.  Hence  these  combinations  pre- 
sent the  same  phenomena  of  definite  proportions,  as  those  of 
inorganic  nature,  and  it  is  only  in  the  formation  of  organic  atoms 
of  die  first  order,  that  combinadon  is  possible  in  all  sorts  of 
proportions. 

''  In  the  earliest  experiments  with  the  voltaic  pfle,  it  was 
found  that  the  common  salt,  a  solution  of  which  was  usually  em- 
ployed to  moisten  the  pasteboard  discs  interposed  between  each 
pair  of  metallic  discs,  became  decomposed  by  its  acti(»i  ;  and 
about  the  year  1805,  MM.  Hissinger  and  Berzelius  puhUshed 
their  experiments  on  the  galvanic  decomposition  of  the  muriates 
of  ammonia  and  lime,  and  several  other  neutro-saline  solutions. 

^^  The  results  of  those  experiments  demonstrated  that  when 
electricity  traverses  a  saline  solution,  or  any  other  liquid  conduct- 
or, its  elements  are  separated  in  such  a  manner,  that  some  col- 
lect round  the  positive,  and  others  round  the  negative  pole ;  and 
that  oxygen,  acids,  and  oxidated  bodies  terminate  to  the  former, 
whilst  combustible  bodies,  alkalies  and  the  earths,  find  their  point 
of  rest  at  the  latter. 

"  On  die  20th  of  November,  1806,  Sir  Humphrey  (then  Mr) 
Davy,  read  his  Bakerian  lecture  on  some  chemical  s^^ncies  of 
electricity,  before  the  Royal  Sodety,  which  was  aitenmds  pub- 
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Kshed  m  the  Philosophical  Transactions  for  the  following  year.  In 
this  celebrated  paper  which  obtamed  the  prize  offered  by  Napo- 
leon Bonaparte,  for  the  best  ')ssay  on  voltaic  electricity,  Sir 
Humphrey  Davy  clearly  promulgated,  for  the  first  time,  the  laws 
by  which  the  chemical  agencies  of  electricity  are  regulated,  and 
the  principles  on  which  dieir  power  of  suspending  or  destroying 
the  usual  order  of  chemical  aflSnities  depends.  He  showed  that 
dfferent  elementary  substances  have  difierent  electrical  energies, 
some  being  naturally  positive,  and  others  negative,  with  respect 
to  each  other  ;  and  that  when  a  compound  formed  of  two  such 
elements,  is  decomposed  by  the  voltaic  batteiy,  the  body  pos- 
sessing positive  energy  is  repelled  by  positively  electrified  surfa- 
ces, and  attracted  by  negatively  electrical  surfaces;  and  that 
the  body  possessing  the  negative  energy  follows  the  contrary 
order. 

**  Adopting  these  views,  Berzelius  divides  all'  substances  into 
two  great  classes,  the  electro-positive  and  electro-negative.  Sun- 
pie  bodies  belonging  to  the  former  class,  as  weQ  as  their  oxides, 
always  assimie  the  possitive  state  when  they  meet  with  other 
sample  bodies  or  their  oxides  belonging  to  the  latter  ;  and  the 
oxides  of  the  first  class  bear  the  same  relation  to  those  of  the 
second,  that  salifiable  bases  bear  to  acids.  He  considers  oxy- 
gen as  the  most  electro-negative  of  all  bodies,  and  the  (xily  one 
whose  electrical  relations  are  invariable,  it  never  being  positive 
with  respect  to  any  other,  and  he  places  it  accordingly  at  the 
head  of  nis  table  exhibiting  the  supposed  order  of  elementary 
substances  with  respect  to  their  electrical  relations.  The  last 
substance  in  the  table,  and  consequently  the  most  possitive,  is  pot- 
assium, and  all  the  intermediate  substances  between  oxygen  and 
that  body  are  considered  as  negative  to  all  those  which  stand  be- 
low them,  and  positive  to  all  that  stand  above  them  in  the  table. 

"  Long  before  any  idea  had  been  formed  of  the  electrical  re- 
lations of  simple  combustible  bodies,  their  oxides  were  divided 
into  acids  and  bases,  the  first  forming  the  electro-negative,' the 
second  the  electro-positive  class ;  amongst  the  bodies  of  the  first 
class  a  weak  acid  often  serves  as  base  to  a  more  powerful  acid, 
and  in  the  electro-positive  series,  a  weak  base  firequently  acts  as 
an  acid  witii  respect  to  one  more  strongly  electro-positive. 

*'  The  electrical  relations  of  oxides  usually  depend  on  those 
of  their  bases ;  thus  an  oxide  is  electro-negative  to  another  ox- 
ide, if  the  base  of  the  {armet  be  negative  with  respect  to  that  of 
die  latter,  and  vice  versA.  Sulphuric  acid  for  mstance,  is  electro- 
negative with  respect  to  all  the  metallic  oxides,  because  sulphur 
is  negative  with  respect  to  aU  the  metals  ;  the  oxides  of  potas- 
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sium  and  zinc,  on  the  contrary,  are  electro-positive  in  regard  to 
all  oxidated  bodies,  with  respect  to  whose  bases  potassium  and 
sine  are  positive.  Hence  acidity  does  not  depend,  as  the  anti- 
phk^stic  theory  assumes,  on  oxygen  as  the  acidifying  principle, 
but  rather  resides  in  the  radical  of  the  acid,  and  the  oxygen  en- 
ters indifferently  mto  the  most  electro-positive  and  electro-nega- 
tive bodies,  or  die  stnmgest  bases  and  acids. 

*^  When  the  two  electricities  are  separately  manifested  in  any 
body,  they  are  concentrated  in  two  or  more  opposite  pomts  or 
poles,  andogous  to  tlie  poles  of  a  magnetic  neeole.  This  elec- 
trical polarity  of  which  the  tourmaline  furnishes  a  striking  instance, 
must  also  belong  to  die  minutest  pardcles  of  the  body,  as  well  as 
to  the  whole  mass  ;  and  this  affords  an  easy  solution  for  all  the 
phenomena  of  electro-chemical  affinity ;  for  the  difl«rent  forces 
with  which  elementary  bodies  unite  may  be  conceived  to  depend 
on  the  ,  difierent  intensides  of  the  electrical  polarities  of  their 
atoms.  This  hypothesis,  however,  is  not  sufficient  to  explain 
why  some  bodies  are  dectra^sitive  and  others  dectrtMie^eOive  ; 
but  if  we  imagine  the  atoms  of  such  bodies  to  possess  untpolari- 
tj/y  similar  to  that  which  Ehrman  observed  in  various  substances, 
we  may  conceive  that  in  the  atoms  of  electro-positive  bodies,  the 
electricity  of  the  posiuve  pole  predominates,  and  in  those  of  elec* 
tro-negadve  bodies,  that  of  the  negadve  pole,  and  consequently 
these  bodies  will  always  be  in  opposite  states  with  respect  to 
each  other. 

''  The  degree  of  affinity  between  different  bodies  cannot  however 
diepend  wholly  on  their  specific  unipolarities,but  rather  or  the  in- 
tensity of  the  polarities  generally ;  for  oxygen  and  sulphur,  both 
electro-negative  substances,  combine  with  much  greater  energy 
than  oxygen  and  copper,  although  the  latter  is  an  electro-posidve 
clement ;  and  the  influence  of  temperature  has  a  powerfid  eSdct 
in  modifying  attractions. 

^Mf  these  conjectures,"  says  Berzelius,  '*  present  a  correct 
idea  of  the  reladons  of  bodies  to  electricity,  it  follows  that  what 
we  call  chemical  affinity  is  nothing  else  than  the  eflfect  of  die 
electrical  polarity  of  theu*  atoms,  and  that  electricity  is  the  prima- 
ry cause  of  all  chemical  action." 

But  it  is  time  to  quit  this  part  of  the  subject,  and  turn  to  that 
which  is  more  immediately  the  object  of  this  abstract ;  and  first, 
we  shall  endeavour  to  -explain  the  manner  in  which  the  relative 
weights  of  the  atoms  of  bodies  are  determined. 

It  is  obviously  necessary  for  this  purpose,  that  some  substance 
should  be  fixed  upon,  the  weight  ot  whose  atom  may  be  assum- 
ed as  unity  ;  Dalton  chose  hydrogen  for  his  unit,  as  the  sub* 
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stance  of  which  the  smallest  weights  enter  into  combination  :  He 
has  been  followed  by  Davy,  Brande,  Henry,  Phillips,  and  va- 
rious other  writers  ;  whilst  WoUaston,  Thomson,  and  Berzelius 
adopt  oxygen  as  their  lowest  nuipber,  that  substance  being  of  all 
others  most  miiversally  present  in  inorganic  bodies.  On  the  scale 
of  chemical  equivalents,  Dr  Wollaston  reckons  oxygen  as  ten, 
Thomson  considers  it  as  one,  and  Berzelius  as  one  hundred.  It 
is  of  small  consequence  which  atom  be  selected  for  the  purpose, 
or  what  relative  value  be  assigned  to  it,  whether  ten,  one,  or  one 
hundred  ;  but  whichever  be  chosen,  the  weights  of  the  atoms  of 
all  other  bodies  must  be  exressed  b  some  function  of  that  unite. 

[To  he  continued,^ 


Akt.  XVII.  Abstract  of  a  Memoir  accompanying  Meteorology 
kal  Observations  made  at  Washington^  D.  C.  in  the  years 
1823—4.  By  Jules  De  Wallenstein,  Esq.  Corresponding 
Member  of  the  Academy  of  History  of  Madrid.*  [Translate 
ed  and  abridged  for  this  Joumal.l 

The  barometer  which  M.  Wallenstein  uses  in  his  observations 
at  Washington  was  constructed  by  M.  Fortin,  a  skilful  artist,  who 
has  enriched  the  Royal  Observatory  at  Paris,  with  an  exceDent 
circle,  and  who  was  before  known  for  tlie  extreme  exactness  of 
his  balances  and  other  instruments  which  demand  equal  skill  in 
their  construction.  The  cistern  of  this*  barometer  has  a  movea- 
ble bottom  :  an  ivory  point  indicates  the  moment  when  the  sur- 
face of  the  mercury  in  the  cistern  is  at  its  tnie  level.  The 
instrument  is  so  contrived  that  the  height  of  the  barometric  col- 
umn can  be  ascertained  to  the  tenth  of  a  millimetre,  or  the  four 
thousandth  of  an  English  inch.  It  is  screwed  in  such  a  manner  in 
its  upper  part,  as  constantly  to  preserve  its  verticality.  A  cen- 
tigrade thermometer  is  encnased  m  its  frame. 

The  hygrometer  of  Saussure  is  2,5  decimetres  long,  and  the  arc 
is  divided  into  100°.  The  extreme  point  of  dryness  is  reduced  by 
calculation,  to  zero  of  the  scale.  A  centigrade  thermometer  con- 
structed by  Fortin,  is  suspended  by  the  side  of  this  instrument, 
and  they  are  both  enclosed  in  a  small  case,  which  preserves  them 
from  the  dust,  the  two  opposite  sides  of  which  are  covered  with 
a  gauze  sufficiently  fine  to  leave  them  in  perfect  contact  with  the 

*  Written  in  French  and  originally  published  in  the  Transactions  of  the  Anter* 
tcan  Philosophical  Society  of  Philadelphia,  vol.  ii.  N.  S. 
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atmosphere  :  These  instruments  are  exposed  to  the  west :  Aey 
are  suspended  within  2,4  metres  of  the  earth. 

In  observations  purely  thermometries  M.  Wallenstein  uses  two 
thermometers,  graduated  on  the  tubes  themselves  ;  (one  con- 
structed by  M.  Lerebours,  an  ardst  attached  to  the  Bureau  des 
Longitudes  de  Paris,  the  other  by  M.  Fortin ;)  and  a  thermom- 
eter of  Mr  Troughton's,  with  the  centigrade  scale  and  Fahren- 
heit's. 

As  most  of  M.  Wallenstein's  instruments  are  divided  accord- 
ing to  the  metrical  scale,  he  has  reduced  each  observation  to  the 
English  measure,  in  order  to  render  his  observations  more  easily 
comparable  with  those  which  have  been  made  in  other  parts  of 
the  country. 

He  follows  the  rules  of  M.  Biot  respecting  the  correction  for 
capillary  attraction,  and  for  the  influence  of  temperature  on  his 
barometric  observations.  The  interior  diameter  of  the  tube  of 
his  barometer  is  9,5  millimetres.  He  applies  a  correction  of 
4,893  millimetres  to  each  of  his  observations,  accordmg  to  the 
table  of  depression  calculated  by  La  Place.  When  this  correc- 
tion is  added,  the  observations  are  the  same  as  if  they  had  been 
made  with  a  tube,  so  large  that  the  mercury  could  not  sink  be- 
low its  true  level,  as  is  the  case  in  capillary  tubes. 

To  apply  a  correction  for  the  temperature  of  the  mercury  in 
the  tube  of  the  barometer,  he  employs  the  formula  given  by  M. 

PT 

Biot,  (P)  =  P  —  '^TToi  ™  which  (P)  represents  the  corrected 

height  of  the  barometric  column,  P  the  observed  height,  T  the 
temperature  indicated  by  the  thermometer  attached  to  the  bar- 
ometer ;  and  the  constant  quantity  jtVt  represents  the  true  di- 
tation  of  the  mercurv  foj  each  degree,  between  the  two  limits  of 
melting  ice  and  boilmg  water.  Tlie  value  obtained  by  applying 
this  correction  shows  the  atmospheric  pressure  at  the  tempera- 
ature  of  32°  Fahrenheit. 

Accordmg  to  M.  Ramond,  the  most  suitable  hour  for  baro- 
metrical observation  is  noon,  "  because  the  equilibrium  of  the 
atmosphere,  altered  by  the  morning  winds,  is  ordinarily  restored 
towards  the  middle  of  the  day.''  It  is  not  so  easy  to  determine 
the  other  hours  ;  M.  Wallenstein  has  concluded,  however,  to 
make  four  meteorological  observations  a  day,  viz.  at  7,  9,  noon, 
and  4  o'clock. 

"  Among  the  changes,"  says  M.    Wallenstein,  "  which  the 
atmosphere  experiences,  that  which  is  indicated  by  the  horary  ' 
variations  of  the  barometer,  is  not  the  least  curious ;  nor  has  it 
been  well  illustrated,  even  to  the  present  time,  either  by  theory 
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or  by  observations.  M.  de  Humboldt  has,  perhaps,  considered 
this  subject  the  most  fully  in  his  Geographe  des  Plantes.  He 
there  coUects  the  remarks  of  Godin  and  La  Condamine  on  the 
horary  oscillations  of  the  barometer  under  die  equator.  Godin, 
according  to  him,  first  pointed  out  this  phenomenon.  According 
to  La  Condamine,  these  variations  take  place  under  the  equator 
at  9  m  the  forenoon  and  3  in  the  afternoon  ;  but  he  does  not 
say  at  which  of  these  times  the  barometer  is  at  its  maximum  or 
minimum.  M.  de  Humboldt  concludes  from  his  own  observa- 
tions, that  along  the  shore  of  the  South  Sea,  in  the  plain  of  the 
river  Amazons,  and  in  places  of  an  elevation  of  4000  metres, 
the  times  of  these  variations  are  constant ;  that  they  are  indepen- 
dent of  the  changes  of  tenmerature  and  of  the  seasons,  and  that 
the  barometer  is  at  its  maxmium  at  9,  a.  m .  that  it  does  not  va- 
ry its  height,  but  slighdy,  till  12  ;  but  after  noon  it  falls  rapidly 
tJl  4  or  4^,  when  it  is  at  its  minimum  ;  from  this  time  it 
rises  till  1 1  at  night,  when  it  is  very  nearly  as  high  as  it  was 
at  9  the  forenoon  preceding  ;  it  then  falls  anew  till  4^ 
o'clock  in  the  mommg,  when  it  is  almost  as  low  as  it  was  the 
preceding  afternoon  at  4  ;  finally  it  rises  again  till  it  reaches  its 
maximum  at  9. 

^^  In  another  work,  entitled  Experiences  sur  Vlnitation  des  Fi- 
bres Muscuktires  et  J^erveursesj  which  is  only  in  part  translated 
into  French,  and  of  which  the  publication  preceded  by  many 
years  that  which  has  just  been  cited,  M.  de  Humboldt  has  con- 
sidered atmospheric  variations  in  their  relation  to  physiology  and 
pathology.  ^  if  there  constantly  exist  the  same  dijfftrence  between 
the  barometric  pressure  of  two  places,  if  for  example  in  one  of 
these  places  it  was  28  inches,  and  in  the  other  24,  organized 
bodies  would  probabty  be  afiected  by  the  unequal  density  of  the 
air,  after  the  same  manner,  according  to  the  law  of  habitual  irri- 
tation. The  rise  and  fall  of  the  barometer  in  Jhe  sameplacej 
has  a  different  effect.  I  have  no  doubt  but  that  the  countries 
where  the  variations  of  the  barometer  are  the  least  considerable, 
are  also  the  least  healthfid.'  The  salubrity  of  Peru,  Chili,  and 
mountainous  regions  generally,  are  cited  in  support  of  this  opin- 
ion. '  I  am  inclined  to  believe,'  says  the  same  author,  in  another 
part  of  the  same  work,  *  that  the  nature  or  the  composition  of 
the  atmosphere,  is  less  variable  under  the  tropics  than  in  the 
temperate  regions  of  the  globe.  AQ  meteorological  phenomena 
seem  there  to  follow  a  certain  law,  fi^m  which  they  very  rarely 
vary.  The  diurnal  flux  and  reflux  of  heat,  of  light,  of  electrici- 
tyy  and  of  the  magnetic  fluid  are  there  more  equal  in  their 
march,  at  least,  so  far  as  the  few  observations  yet  made,  allow  us 
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to  judge.  Even  the  barometer,  the  variations  of  which,  so  com* 
plicated  in  our  climate,  embarrass  naturalists  so  much,  rises  and 
falls  regularly,  under  the  tropics,  four  times  every  twenty-four 
hours.  Ought  we  to  attribute  to  this  regularity  in  the  constitution 
of  the  atmosphere,  the  obstinate  character  of  epidemic  diseases  in 
the  climate  of  palms  f  In  this  climate  when  a  disease  fixes  on 
the  vital  functions,  it  makes  progress  without  being  arrested  by 
any  external  cause.  The  changes  of  the  surroundmg  fluids  are 
not  sufficiently  great  to  check  decomposition.  It  is  only  at  the 
arrival  of  a  new  season,  that  the  power  of  external  exciting 
causes  triumphs  over  the  morbid  developement  that  has  taken 
place  in  the  fibre.  In  temperate  climates,  on  the  contrary,  va- 
riations in  the  principle  constituants  of  the  atmosphere,  are  so 
frequent  and  so  considerable,  that  they  act  powerfuUy  on  the 
vital  functions.  A  change  in  the  elasticity  of  the  air,  in  the 
electric  charge,  in  the  quantity  of  oxygen,  and  in  the  humidity, 
modifies  the  vital  fimctions,  and  the  progress  of  the  epidemic  is, 
in  part,  checked  by  this  continual  modification  of  the  external 
elements,  or  the  disease  shortly  takes  another  form.  Observing 
physicians  have  remarked,  that  in  the  temperate  zone,  places 
where  tlie  temperature  is  the  most  variable  are  the  least  exposed 
to  epidemic  disorders.* 

"In  this  work,  published  in  1797,  M.  de  Humboldt  states 
the  observations  of  Mr  Moseley  relative  to  the  horary  oscillations 
of  the  barometer  under  the  tropics,  as  well  as  those  of  Mr 
Balfour  made  in  Bengal.  According  to  thie  Tableau  Physique 
des  Regions  Equinoxialss,  printed  in  1805,  these  observations  do 
not  agree  with  those  M.  de  Humboldt  has  himself  made  under 
the  tropics. 

"  In  Germany,  notwithstanding  the  numerous  perturbations 
which  derange  the  mai'ch  of  the  barometer,  we  find  a  certain 
regularity  in  the  fall  of  the  column  of  mercury,  which  takes  place 
at  t\vo  o'clock  p.  M.,  and  in  its  elevation,  wliich  takes  place  at  8 
o'clock  in  the  evening. 

"  M.  Cotie  has  deduced  from  a  great  number  of  observations 
made  in  Europe,  that  the  barometer  is  at  its  minimum  of  eleva- 
tion two  hours  after  noon,  and,  consequentiy  two  hours  sooner 
tlian  under  the  equator.  In  our  temperate  climates  the  horary 
variations  of  Uie  weight  of  the  air,  are  perhaps  concealed  under 
a  multitude  of  local  causes,  which  make  the  barometer  rise  and 
fall  irregularly.  But  with  M.  Van  Swinden,  I  am  far  from 
doubling  tiiat  the  mean  terms  deduced  from  many  thousand 
observations  made  from  hour  to  hour,  prove  the  barometer  even 
in  our  climate,  to  rise  and  fall  at  certain  regular  intervals* 
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^^  M.  Biot  states  the  results  to  which  a  long  series  of  obser- 
vations conducted  the  celebrated  naturalist  of  the  Pyrenees,  as 
regards  the  subject  we  are  considering.  M.  Ramond  has  discov- 
ered that  in  France  the  barometer  attains  its  maximum  eleva- 
tion about  9  o'clock  a.  m .  after  which  it  descends  till  about  4 
o'clock  p.  M.,  when  it  is  at  its  minimum  ;  from  this  time  it  rises 
till  near  11  p.  m .,  when  it  reaches  its  maximum  again  ;  after 
which  it  conmiences  a  downward  motion  till  4  a.  m.,  and  thence 
it  begins  to  return  to  the  state  first  mentioned. 

^'  The  astronomer  embarked  on  board  the  Russian  vessels  that 
in  1820  penetrated  into  high  southern  latitudes,  observed  during 
the  navigation  between  the  tropics,  ^  that  the  barometer  expe- 
rienced regularly,  periodical  and  daily  changes  in  such  a  manner 
that  it  attained  its  greatest  elevation  at  9  m  the  morning  and  9 
at  night,  and  fell  to  the  lowest  point  at  3  in  the  morning  and  3  in 
the  afternoon.' 

''  I  have  been  for  a  long  time  interested  in  the  horary  oscil- 
lations of  the  barometer  ;  indeed  I  think  this  subject  merits  the 
more  attention,  when  we  consider  how  litde  it  has  yet  attracted 
the  notice  of  scientific  travellers.  The  same  is  the  case  with 
the  diurnal  variations  of  the  magnetic  needle,  which  few  natural- 
ists since  Van  Swinden  have  studied  with  attention  and  persever- 
ance equal  to  his.  Perhaps  good  observations  on  the  periodical 
variations  of  the  magnetic  needle,  of  electricity,  and  of  the  ba- 
rometer, collected  by  such  men  as  La  Condamine,  Mutis,  Hum- 
boldt, and  Buch,  may  lead  to  the  discovery  of  some  connexion 
between  these  phenomena,  or  of  the  means  of  explaining  them 
one  by  another. 

"  At  least  we  have  no  reason  to  consider  the  time  we  occupy 
with  these  observations  thrown  away,  while  we  know  that  the 
subject  has  engaged  the  attention  of  the  philosophers  we  have 
just  named,  that  a  connexion  has  been  remarked  by  one  of  them 
(M.  Mutis)  between  the  horary  variations  of  the  barometric  col- 
umn, and  the  conjunctions  and  oppositions  of  the  moon,  and  that 
La  Place  has  undertaken  to  calculate  the  influence  that  the  sun 
and  moon  may  have  upon  the  atmosphere.  We  have  need 
however,  of  all  the  authority  of  these  great  names  to  assist  us  m 
bearing  up  against  the  disfavour,  and  almost  the  ridicule  which 
has  been  cast  on  this  part  of  natural  science  by  an  astronomer^ 
(M.  Bode)  renowned  for  his  long  and  useful  labours." 
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Abstract  of  Meteorological  Observatioru. 


Abstract  of  Meteorologi^cal  Observations  for  the  year  1625,  taken 
in  Boston,  in  Lai.  42°  21'  58''  JV.,  Lovg.  71^  3'  45"  W, 
Communicated  by  R,  T.  Paine,  Esq. 


Barometer. 

January. 

Mean  altitade,    ....    30,006  .  . 

Highest,   .     .     22d,     .     .    .  30,56  -  . 

Lowest,    .    •     .    2d     .     •      28,99  •  • 

Range, 1,57  ■  • 

February. 

Mean  altitude,                     •  30,023  .  . 

Highest,       .     .    8thy    •     •  30,58  •  . 

Lowest,     ...  2d,    .      .  29,30  .  . 

Range,     . 1,28 

March. 
Mean  altitude,     .... 
Highest,           16th,     .    . 
Lowest,    .     .  31st,      .     . 
Range, 


Thermometer. 


.    12th, 
.  8th, 


24th,  . 
4th,     . 


29,1 
49 

a 

41 


32,0 
51 
7 
44 


Mean  altitude, 
Highest,        .     2d, 
Lowest      •         11th, 
Range  .     .    • 


.    •    .     « 


Mean  altitude,     .    . 
Highest,   .     .     15th, 
Lowest,     .     .     5th, 
Range,     r     .     •    • 


Mean  altitude,     .    •    .    • 

Highest,    .     .    30th,     . 

Lowest,     .     .     25  th,  .     . 

Range, ,69      • 

July* 

Mean  altitude,    •     .    .    « 
Highest,     .     .     9th,     .     , 
Lowest,      .     •     24th,   . 
Range,        


29,918 40,8 

30,38       ....    20th,    ...  65 

29,34       .          .     .    23d,  ...  28 

1,04 37 

April. 

29,960 60,1 

30,44       ....     16th,     ...    80, 

29,48       .     .     .     .     2d,     .     .    .  33 

,96 47 

May. 

30,025 57,e 

30,36 3l8t,     .     .  81 

29,58 3d,     .     .  34 

,78        . 47 

JuifE. 

29,884 7a,l 

30,11 nth,  .     .  96 

29,42 4th.     .     •  53 

....•...•  43 


29,939     .     .     , 76y4 


30,17 

29,74       . 

,43       . 

August, 


nth, 
28th, 


Mean  altitude,  •  .  . 
Highest,  •  .  19  th,  • 
Lowest,  .  .  9th,  . 
Range, 


.     . 


Mean  altitude, 
Highest,   .    . 
Lowest,    .     . 
Range,    .    . 


... 
12th,  . 
24th, 


29,978 

30,32  .  . 

29,62  .  . 

,70  .  . 

September. 

29,993  .  . 

30,30  .  . 

29,46 

,84 


6th, 
27th, 


.    .     •     • 


15th, 
25th, 


100 
60 
40 


69,S 
89 
54 
35 

61,1 
79 
45 
34 
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OCTOBBB. 

Mean  altitude,     .    .    •    ,  30,004 54,4 

Higfhest,     .     .  22d,      .     .  30,49 7th,     .     .  88 

Lowest,     .     .     12tb,     .     .  29,56 22d,    .     .  30 

Rao^e, ,93 58 

Mean  altitude 30,147 41,6 

Higrhest,    .     .     .     4tb,  .     .  30,70 6th,     .     .    65 

Lowest,  .    .     .     18tb,    .     .  29,46 19th,    ,    .   17 

Rauge, 1,24 48 

December. 

Mean  altitude,       ....  29,965 33,2 

Highest,     .    .  23d,       ,     .  30,58 17th,     .     .  58 

Lowest,     .     .    3 1st,     .    .  29,41  •     .    .     .    .      13th,  .     .  -^ 

Range, 1,17 63 

Mean  of  Ist  6  months,    .     .  29,969 46,70 

„      „  last  6  do.      .     .     .     30,004 66,10 

„      of  the  year,    .    .    .     29,987  .    • 51,44 

Highest,  Nov   4th,     .     .       30,70  .     .    .    July  llth,   .     .  100 

Lowest,    Jan  2d,    .     .    .      28,99  .    •    •    Dec.  13th,  .    •  —5 

Range  during  the  year,      .1,71 105 

The  mean  temperatures  of  all  the  months  in  the  last  year,  except 
August  and  September,  are  from  two  to  fire  degrees  greater  than  those 
deduced  from  observations  of  the  last  thirty  years;  and  the  mean  of 
the  whole  year  is  2,84  degrees  greater. 

Three  observations  were  made  in  each  day,  at  sunrise,  3  p.  m.,  in 
«ummer,  2^  p.  m  when  the  sun  was  on  the  equator,  and  2  p.  m.  in  the 
winter,  and  at  10  in  the  evening.  The  mercury  in  the  cistern  of  the 
barometer  is  fourteen  feet  above  the  mean  level  of  the  sea. 


On  the  Thermomeirical  Slate  of  the  Terrestrial  Glcbt. — M. 
Arago,  in  an  article  in  the  '^  Annales  de  Physique,"  discuss- 
es tne  question  of  the  temperature  of  the  globe  at  its  surface 
and  arrives  at  this  conclusion,  that  in  Europe  in  general, 
and  in  particular  in  France,  the  winters  some  centuries  back, 
have  been  as  cold  as  at  present.  He  grounds  his  opinion 
upon  the  fact  of  the  freezing  of  the  rivers  and  seas  at  a  great 
number  of  periods  even  of  very  remote  date.  The  author 
then  gives  a  table  of  the  extreme  temperatures  observed  at 
Paris,  from  which  there  results  that  in  the  second  half  of  the 
last  century,  the  greatest  cold  (—23,5^  cenu)  took  place  in  the 
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26th  January,  1 795,  and  the  greatest  heat  (38,4°)  on  ibc  8th 
July,  1793.  lie  then  gives  the  temperatures  observed  dur- 
ing the  expeditions  of  Cuptains  Parry  and  Franklin,  and  the 
dates  of  the  natural  congelation  of  mercury,  together  with 
the  tables  of  the  maximum  temperatures  of  the  atmosphere 
observed  on  the  open  sea  at  its  surface.  FVom  these  obser- 
vations together,  M.  Arago  draws  the  following  conclusions : 
1st,  In  no  part  of  the  earth  on  land,  and  in  no  season,  will  a 
thermometer,  raised  from  2  to  3  metres  above  the  ground  and 
protected  from  all  reverberation,  attain  the  46  centigrade 
degree  ;  2dly,  In  the  open  sea,  the  temperature  of  the  air, 
whatever  be  the  place  or  season,  never  attains  the  31st  cen- 
tigrade degree  ;  3dly,  The  greatest  degree  of  cold  which  has 
ever  been  observed  on  our  globe  with  a  thermometer  sus- 
pended in  the  air,  is  50  centigrade  degrees  below  zero ;  4lhly, 
The  temperature  of  the  water  of  the  sea  in  no  latitude,  and 
in  no  season,  rises  above  30  centigrade  degrees.  ^Mnn.  de 
Phys.  et  de  C/iiwi.] 

Hawkinses  Mode  of  preparing  Emery. — Mr  Hawkins,  finding 
that  the  emery  sold  m  the  shops  was  totally  inefficient  for  the 
purpose  he  had  in  view,  namely,  grinding  two  flat  surfaces 
of  hard  cast  steel  accurately,  thought  of  applying  a  process 
he  had  seen  for  washing  over  diamond  dusL  to  emery  ;  and 
to  be  certain  that  his  emery  was  of  good  quality,  he  purchas- 
ed of  an  emery-maker  a  quantity  of  those  small  lumps,  or 
grains,  which  had  longest  withstood  the  action  of  the  cast-iron 
runners  and  bed,  and  thus  ensured  the  hardness  of  the  eme- 
ry; these  pieces  were  reduced  to  powder  in  a  cast-iron  mor- 
tar, and  then  separated  into  different  portions  by  sieves. 

He  then  washed  over  the  finest  emery  thus  obtained,  using 
oil  instead  of  water,  as  in  the  usual  process,  the  former  hold- 
ing it  in  suspension  for  a  much  longer  time ;  and  in  this  way 
obtained  a  series  of  emery  which  had  floated  one,  five,  ten, 
fifteen,  twenty,  forty,  and  eighty  minutes,  amongst  which  he 
found  every  variety  necessnry  for  his  purpose ;  and  keeping 
them  in  boxes,  which  were  numbered  according  to  the  min- 
utes they  had  floated,  he  could  at  any  time  prepare  more  of 
any  one  kind.  In  this  way  Mr  Hawkins  readily  attained  his 
object,  and  ultimately  by  selecting  those  grains  of  emery 
which  resisted  longest  the  acijon  of  the  pestle  and  mortar,  he 
obtained  some  so  hard,  as  to  be  capable  of  cutting  a  ruby, 
when  employed  instead  of  diamond-aust. 

Mr  Gill  by  grinding  Greek  emery-stone  between  two  flat 
and  hard  steel  surfaces,  and  washing  off  the  lighter  portions 
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in  oil,  found  that  those  which  subsided  in  half  a  minnte,  when 
examined  by  a  microscope,  had  entirely  resisted  the  friction, 
and  were  perfectly  crystallized  sa})phires.    [Tech.  /?//>.] 

On  the  Umbilicus  of  Marsupial  Animals. — It  has  been  gene* 
rally  thought  that  Marsupial  animals  are  destitute  of  any  um- 
bilicus, and  are  only  attached  to  the  mother  by  means  of  the 
mouth. 

Geoffroy  St  Hilaire  has  lately  discovered  in  some  speci- 
mens of  the  foeti  of  Didelphis  Virginiana  preserved  in  spirits, 
which  had  been  taken  from  the  mother  by  Dr  Barton  very 
soon  after  their  introduction  into  the  pouch,  evident  vestiges 
of  placental  organization,  and  of  an  umbilicus*  They  were 
only  five  lines  long,  and  already  formed  ;  in  the  two  males 
which  he  examined,  the  umbilicus  was  large  for  the  size  of 
the  animal,  as  it  was  also  in  the  female,  and  very  distinct 
from  the  entrance  of  the  pouch. 

Mr  Geoffroy  observes,  that  the  series  of  transformations 
common  to  all  mammalia  are  ovuliim^  embryo^  and  foetus* 
These  three  stages  of  genital  products  require  three  distinct 
situations,  which  in  the  other  mammalia  arc  found  in  the  sexual 
canal,  but  in  the  marsupialia  they  are  very  diflerently  distri- 
buted, though  in  an  equally  continuous  series.  The  ovulum 
and  the  embryo  are  formed  and  developed  in  the  sexual 
canal  and  the  foetus  out  of  it*  The  womb  is  the  third  station 
in  the  mammalia,  where  the  common  foetus  is  incubated  and 
nourished ;  and  the  marsupium  or  nursing  pouch  is  for  the 
same  purpose  in  the  marsupial  animals.  The  difference, 
therefore,  consists  only  in  the  name  of  the  last  part.  [Ann. 
ScL  J^at.  and  ZooL  Jour.  1*  403.] 

Capillary  A (tr action. ^-M.  Gillerson  says,  "  If  a  capillary 
tube  be  introduced  into  mercury,  the  melal  will  remain  in  the 
lube  below  the  exterior  surface.  If  then  the  tube  be  careful- 
ly raised,  without  taking  it  out  of  the  mercury,  the  surface  of 
the  mercury  in  the  tube  may  be  raised  to  the  level  of  that 
without.  Operating  very  carefully,  it  may  even  be  raised 
still  higher ;  its  surface  will  then  become  concave,  the  nature 
of  the  curve  apparently  approaching  that  of  the  catenarian 
curve,  which  1  believe  also  to  be  that  of  liquids  which  in  ca- 
pillary tubes  are  raised  above  the  level  of  the  external  sur- 
face. If  then  the  tube  be  depressed  a  little,  the  convex  sur- 
face may  be  again  given  to  the  mercury  in  the  tube,  with- 
out its  level  being  depressed  below  that  of  the  external  portion* 
It  appears  to  me  therefore,  that  the  surface  of  liquids  in  capil- 
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!ary  tubes  is  an  accessary  circumstance,  and  has  no  direct 
influence  on  the  elevation  or  depression  of  the  liquid."  [Bib. 
Univ*  XXII.  209.] 

On  Combinations  of  Carbon  and  Iron,  Pig  Iron^  ire. — A  long 
•experimental  memoir  by  M.  Karsteo,  on  the  combination  of 
iron  and  carbon,  is  contained  in  the  Annales  des  Mines,  ix. 
657.  We  have  not  time  at  present  to  analyze  it,  but  give  the 
results  as  drawn  up  by  the  author,  and  appended  to  the  me- 
moir. 

1.  White  cast  iron  and  tempered  steel  contains  the  carbon 
combined  with  the  whole  mass  of  iron.  .  2.  Lamellated  white 
cast  iron  presents  a  perfect  combination  of  iron  with  carbon ; 
It  always  contains  more  carbon  than  the  grey  cast  iron.  3« 
Iron  and  steel,  not  tempered,  contains  the  carbon  in  the  state 
of  carburet.  4.  Cold  grey  cast  iron  contains  the  larger  part 
of  its  carbon,  in  the  state  of  graphite  and  of  mixture  :  This 
graphite  contains  no  iron,  but  constitutes  the  carbon  in  all  its 
purity.  5.  The  rest  of  the  carbon  contained  in  the  grey  cast 
iron,  may  be  found  either  combined  with  the  whole  mass,  or 
forming  a  definite  carburet  which  is  afterwards  dissolved  in 
the  metal,  as  is  the  case  with  soft  iron,  or  steel.  6.  All  the 
varieties  of  carburetted  iron,  considered  in  the  liquid  state, 
contain  the  carbon  dissolved  in  the  mass  of  metal  in  indefi- 
nite proportions.  7.  Finally.  The  graphite  separates  from 
the  metal  at  the  moment  of  congelation,  and  if  there  be  other 
carburets  of  iron,  they  separate  at  a  later  period. 

Remarking  on  the  means  generally  proposed  for  the  sep- 
aration or  estimation  of  the  carbon  in  carburetted  iron,  M« 
Karsten  finds  grounds  of  objection  to  them  all.  That  propos- 
ed by  M.  Vauquelin,  namefj'^,  the  use  of  the  sulphurous  acid, 
he  states  to  be  uncertain  and  inacurate  from  the  formation  of 
sulphuret  of  iron.     [Jour,  ofSci»  Lit.  and  Arts."] 

Antiquity  of  Trees. — In  "  Maior  Rooke's  Sketch  of  the  For- 
•est  of  Sherwood,"  it  is  stated  that  in  cutting  down  some  tim- 
ber in  Berkland  and  Bilhaugh,  letters  have  been  found  cut 
or  stam])ed  in  the  body  of  the  trees,  denoting  the  king's  reign 
in  which  they  were  marked.  It  seems  that  the  bark  was  cut 
off,  and  the  letters  cut  in,  after  which  the  next  year's  wood 
grew  over  it,  but  without  adhering  where  the  bark  had  been 
cut.  The  ciphers  are  of  James  1.,  of  William  and  Mary,  and 
one  of  King  John  !  One  of  those  with  James's  cipher  was 
about  one  foot  within  the  tree,  and  one  foot  from  the  centre  : 
it  was  cut  down  in  1 786.    The  tree  must  have  been  two  feet 
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in  diameter,  or  two  yards  in  circumference,  when  the  mark 
was  cut.  A  tree  of  this  size  is  generally  estimated  at  1^20 
years  growth,  which  number  substracted  from  the  middle  year 
of  James's  reign  would  make  1492  the  date  of  the  planting  of 
the  tree.  The  tree  with  William  and  Mary  had  the  mark 
about  nine  inches  within  the  tree,  and  three  feet  three  inches 
from  the  centre;  cut  down  also  m  1786.  The  mark  of  John 
was  eighteen  inches  within  the  tree,  and  something  more  than 
a  foot  from  the  centre  :  it  was  cut  down  in  1791  ;  but  the 
middle  year  of  John's  reign  was  1207,  from  which  if  we  sub- 
stract  1 20,  the  number  of  years  requisite  for  a  tree  two  leet 
diameter  to  arrive  at  that  growth,  it  will  make  the  date  of  its 
planting  1085,  or  about  twenty  years  after  the  conquest.  The 
tree  therefore,  when  cut  down  in  1791,  must  have  been  706 
years  old  ;  a  fact  scarcely  credible  ;  for  it  appears  from  the 
trees  whose  marks  are  better  authenticated,  that  those  exact- 
ly of  the  same  size,  when  marked,  had  increased  twelve  in- 
ches in  diameter  in  173  years,  whilst  this  tree  had  increased 
no  more  than  eighteen  inches  in  584  years.  Major  Rooke 
says  that  several  trees  with  this  mark  had  been  cut  down, 
so  that  deception  or  mistake  is  scarcely  possible.  [A*.  M^ 
Mag.] 

Light  of  Haloes, — M.  Arago,  from  observations  made  on 
the  11th  April,  1825,  with  the  instrument  which  he  has  in- 
vented for  the  examination  of  polarized  light,  has  discovered 
that  the  light  of  haloes  (luminous  circles  which  sometimes  ap- 
pear round  the  sun,  and  whose  apparent  diameters  are  22^^ 
and  45°)  is  not  a  reflected,  but  a  refracted  light ;  a  result 
which  gives  much  probability  to  the  explanation  of  the  phe- 
nomenon proposed  by  Mariotte.  This  philosopher  supposed 
that  the  solar  ray  is  refracted  in  its  passage  through  the  drops 
of  water  frozen  and  suspended  in  the  atmosphere.  M.  Ara- 
go is  of  opinion,  that  the  observation  of  haloes  might  lead  to 
the  discovery  of  the  true  law  of  the  decrease  of  temperature 
in  proportion  as  we  rise  from  the  earth's  surface,  a  law  which 
hitherto  has  had  no  other  foundation  than  a  single  aerostatic 
ascension  of  Gay-Lussac. — ^Bullet.  Univ.  May ,  1825.] 

Sir  H.  Davxfs  method  of  protecting  the  Copper  Sheathing  of 
Shws. — Several  accounts  have  been  published  in  this  Jour- 
nal of  the  labours  of  Sir  H.  Davy  in  attempting  to  protect 
the  copper  sheathing  of  ships  from  corrosion.  An  unusual 
excitement  has  prevailed  in  England,  upon  this  subject,  for 
more  than  a  year  past  i  an  excitement  which  may  be  attrib- 
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uted  more  perhaps  to  the  high  character  of  Sir  H.  Davy,  than 
to  the  importance  of  the  experiments  in  which  he  has  been 
engaged.  It  appears  by  late  accounts  in  English  publica- 
tions, that  ships  protected  by  iron,  have  been  found  so  gene- 
rally ybu/,  both  with  the  fleshy  and  hard  shell  species  of 
barnacles  after  a  voyage,  that  the  admiralty  have  given  orders 
to  suspend  the  use  of  the  protectors  on  all  national  sea  going 
ships  ;  but  they  are  to  be  continued  on  vessels  in  ordinary, 
receiving  ships,  hulks,  &c* 

A  correspondent  of  this  Journal  has  favoured  us  with  a 
short  paper  on  this  subject ;  part  of  which,  being  a  recapit- 
ulation of  preceding  accounts,  it  is  not  necessary  to  publish* 
The  following  are  extracts  from  this  paper  :— 

"  If  I  am  right  in  the  conjecture,  the  copper  sheathing,  as 
generally  used,  does  not  become  foul,  because  the  rust  that 
readily  wastes  it  in  the  sea,  is  so  peculiarly  corrosive  and  de- 
structive, that  nothing  possessing  animal  or  vegetable  life  will 
adhere  to  it.  The  difficulty  is,  that  the  new  method,  while  it 
saves  the  copper,  prevents  the  oxidation,  which  keeps  it  clear 
of  these  destructions,  and  unless  some  remedy  shall  be  dis- 
covered,  the   method  must  undoubtedly  be  given  up. 

"  This  idea  has  occurred  to  me,  that  the  plates  of  iron, 
zinc  or  tin,  may  be  secured  to  the  vessel  in  such  a  manner, 
as  to  be  capable  of  being  occasionally  removed  at  sea,  so  as 
to  allow  a  partial  oxidation  of  the  copper  sufficient  to  detach 
any  of  the  vegetable  or  animal  substances  that  may  be  collect- 
ing, and  then  replaced.  They  might  no  doubt  be  fixed  so  as 
to  be  connected  with  the  copper,  and  be  continually  wet, 
which  would  give  them  the  operation  desired,  and  still  be 
within  reach.  Sir  H.  Davy  found  that  a  small  mass  of  tin, 
even  when  communicating  only  by  a  wire  with  a  large  plale 
of  copper,  entirely  preserved  it.  Experiments  might  easily 
be  made  to  ascertain  whether  weeds  and  barnacles  would 
not  fall  off  from  copper,  when  oxidation  was  suffered  to  take 
place  ;  and  also  for  now  long  a  time  it  would  be  necessary 
the  metal  should  be  subjected  to  the  action  of  sea  water,  in 
order  to  effect  such  oxidation  to  a  sufficient  extent." 

If  no  experiments  founded  on  views  like  these,  have  been 
made,  we  hope  that  they  will  be  instituted  upon  these  sugges- 
tions, as  it  would  certainly  appear  that  a  considerable  reduc- 
tion of  the  oxidation,  by  means  of  the  protectors,  is  not  in- 
compatible with  a  clean  state  of  the  copper. 
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Art.  XXIV. — Bio^aphiccil  AcamiU  ofM.U  ConUe  Ltogrange. 
By  M.  le  Chevalier  Delambre.     [Arm.  PhiUos.'\ 

(Concluded  from  p.  1 14.) 

M.  Lagrange  took  possession  of  his  situation  on  the  6th  oF 
November,  1766.  He  was  well  received  by  the  king  ;  but  soon 
perceived  that  the  Germans  do  not  like  to  see  foreigners  occupy 
situations  in  their  country.  He  applied  to  the  study  of  their  lan- 
guage. He  devoted  himself  entirely  to  mathematics,  and  did  not 
find  himself  in  the  way  of  any  person,  because  he  demanded 
nothing  ;  and  he  soon  obliged  the  Germans  to  give  him  their 
esteem.  "  The  king,"  said  he  himself,  "  treated  me  well,  I 
thought  that  he  preferred  me  to  Euler^  who  was  something  of  a 
devotee,  while  1  took  no  part  in  tlie  disputes  about  worship  ;  and 
did  not  contradict  the  opinion  of  any  one."  This  prudent  reserve, 
if  it  deprived  him  of  the  advantage  of  an  honourable  familiarity, 
which  would  have  been  attended  with  some  inconveniences,  left 
him  the  whole  of  his  time  for  mathematical  labours,  which  hither- 
to had  brought  him  nothing  but  compliments  the  most  flattering 
and  the  most  unanimous.  This  concert  of  praises  was  only  once 
interrupted  during  the  whole  of  his  life. 

»  A  French  mathematician,  who  to  much  sagacity  united  a  stiB 
greater  degree  of  selfishness,  and  scarcely  gave  himself  the  trou^ 
ble  to  study  the  works  of  others,  accused  M.  Lagrange  of  having 
gone  astray  in  the  new  rcmte  that  he  had  traced^  from  not  having 
Vfell  understood  the  theory  of  it.  He  reproached  him  with  hav- 
ifig  deceived  himself  in  his  assertions  and  calculations.  Lagrange 
in  reply  expresses  some  astonishment  at  these  harsh  expressions, 
to  which  he  was  so  little  accustomed.  He  expected  at  least  to 
have  seen  them  founded  upon  some  reasons  either  good  or  bad ; 
but  he  discovered  nothing  of  the  kind.  He  shows  diat  the  solu^ 
tion  proposed  by  Fontaine  was  incomplete  and  illusory  m  certain 
respects.  Fontaine  had  boasted  that  he  had  taught  mathemati- 
cians the  conditions  which  render  possible  the  integration  of  dif-' 
ferential  equations  with  three  variables.  Lagrange  showed  him 
by  several  citations,  that  these  conditions  were  known  to  mathe- 
maticians long  before  Fontaine  was  capable  of  teaching  them. 
He  does  not  deny  that  Fontaine  discovered  tlicse  theorems 
himself,  "  at  least  I  am  persuaded,"  says  he,  "  that  he  was 
as  capable  of  finding  them  as  any  person  whatever." 

It  was  with  this  delicacy  and  moderation  tliat  he  answered  th6 
aggressor.  Condorcet,  in  his  eloge  of  Fontaine,  is  obliged  to  avow 
that,  on  this  occasion,  his   friend  deviated  from  that  politeness 
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which  ought  never  to  be  (dispensed  with,  but  which  perhaps  he 
thought  less  necessary  with  illustrious  adversaries,  whose  glory  did 
not  stand  in  need  of  these  litde  delicacies.  Every  one  can  esti- 
mate the  value  of  that  apology,  especially  w^hen  applied  to  a  man 
who,  by  his  own  acknowledgment,  studied  the  vanity  of  others 
that  he  might  wound  it  upon  occasion.  We  must  at  least  acknowl- 
edge tJiat  he,  who  saw  himself  attacked  in  that  manner  when  he 
was  in  the  right,  and  who  knew  how  to  maintain  politeness  with 
an  adversary  who  had  himself  dispensed  witli  it,  acquired  a  dou- 
ble advantage  over  him,  besides  victoriously  repelling  his  impru- 
dent attack. 

It  will  not  be  expected  that  we  should  follow  M.  Lao-ange  in 
the  important  researches  with  which  he  filled  the  Berlin  Memoirs  ; 
and  even  some  volumes  of  die  MeiAoii-s  of  the  Turin  Academy, 
which  was  indebted  to  him  for  its  existence.  All  tlie  space  that 
can  be  devoted  to  this  biographical  account  would  not  be  sufficient 
even  to  give  an  imperfect  idea  of  the  immense  series  of  his  la- 
bours, which  have  given  so  much  value  to  the  Memoirs  of  the 
Berlin  Academy,  while  it  had  die  inesdmable  advantage  of  being 
directed  bv  M.  Lagrange.  Some  of  diese  Memoirs  are  of  such 
extent  and  importance  £at  they  might  pass  for  a  great  separate 
work,  yet  they  constitute  a  part  only  of  what  these  twenty  years 
enabled  him  to  produce.  He  had  composed  his  Mei^anique  An- 
alytique,  but  he  wanted  to  have  it  printed  at  Paris,  where  he  ex- 
pected that  his  fonnulas  would  be  given  with  niore  care  and  fidel- 
ity* On  the  other  hand,  it  was  running  too  great  a  risk  to  intrust 
the  manuscript  into  the  bands  of  a  traveller,  who  miglit  not  be 
avpai'e  of  die  whole  of  its  value.  M.  Lagrange  made  a  copy  of  it, 
which  M.  Duchatelet  undertook  to  deliver  to  the  Abbe  Marie, 
with  whom  he  was  intimately  connected.  Marie  fulfilled  with 
honour  the  confidence  placed  in  him.  His  first  care  was  to  find 
a  bookseller  who  would  undertake  to  publish  it ;  and,  what  it  will 
be  difficult  to  believe  at  this  time,  he  could  not  find  one.  The 
newer  the  mediods  m  it  were,  and  die  more  sublime  the  theory,, 
the  fewer  readers  would  be  found  capable  of  appreciating  it ; 
hence,  without  entertainbg  any  doubts  of  the  merit  of  the  work, 
die  booksellers  were  excusable  in  hesitating  to  print  a  book,  the, 
sale  of  which  would  probably  be  confined  to  a  small  number  of 
mathematicians  disseminated  through  Eiurope.  Desain,  who  was 
the  most  enterprizing  of  all  diose  to  whom  application  was  made, 
would  not  undertake  to  publisli  it,  till  Marie  entered  into  a  formal 
engagement  to  take  all  die  copies  of  the  edition  which  were  not 
sold  by  a  given  time.  To  this  first  service  Marie  added  another, . 
of  which  M.  Lagrange  was  not  less  sensible  }  he  procured  hioi 
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to  editor  worthy  of  superintending  the  publicaxion  of  such  a  work* 
M.  Legendre  devoted  the  whole  of  his  time  to  the  troublesome 
task  of  correcting  tlie  press,  and  was  repaid  by  the  sentiment  of 
Teneration  for  the  author  with  which  he  was  penetrated  ;  and  by 
the  thanks  which  he  received  from  him  in  a  letter  which  I  have 
had  in  my  possession,  and  which  M.  Lagrange  had  filled  widi  ex- 
pressions of  his  esteem  and  his  gratitude. 

The  book  was  not  yet  published  when  the  autlior  came  to  set- 
tle in  Paria.  Several  causes  determined  him  to  take  this  step ;  but 
we  must  not  give  credit  to  all  that  have  been  stated.  The  death 
of  Frederic  had  occasioned  great  changes  in  Prussia,  and  still 
greater  were  to  be  apprehended.  Philosophers  were  no  longer 
60  much  respected  as  formerly.  It  was  natural  for  M •  Lagrange 
again  to  feel  that  desire  which  had  formerly  conducted  him  to 
Paris.  These  causes,  together  with  the  publication  of  the  Me- 
canique  Analytique,  were  sufficient.  It  is  not  necessary  to  add 
other  causes,  which  several  publications  that  made  their  appear- 
ance in  Germany,  and  particularly  the  anon}anous  historian  of 
the  court  of  Berlin,  have  noticed.  We  never,  during  a  residence 
of  twenty-five  years  in  France,  heard  M.  Lagrange  prefer  the 
slightest  complaint  against  the  minister,  who  is  accused  in  that 
publication  o;  having  disgusted  liim  by  a  treatment  full  of  haught- 
iness and  contempt,  which  out  of  respect  for  himself  It  was  impos- 
fflble  for  M.  Lagrange  to  overlook.  We  might  suspect  that  M. 
Lagrange  had  sufficient  generosity  to  forget  or  pardon  bad  treat- 
ment, which  he  punished  in  the  only  way  worthy  of  himself,  by 
leaving  the  country  where  his  merit  was  overlooked ;  but  when 
he  was  directly  questioned  on  that  subject  by  a  Member  of  the 
Institute  (M.  Burckhartd)  he  only  gave  negative  answers,  and  as- 
signed no  other  motives  than  the  misfortunes  which  it  was  thought 
were  about  to  fall  upon  Prussia.  M.  de  Hertzberg  was 
dead,  and  M.  le  Lagrange,  a  senator  and  comte  of  the  French 
empire,  could  have  no  interest  in  concealing  the  truth.  Hence 
we  must  consider  his  own  statement  as  aflbrding  the  only  true 
reasons. 

The  historian  therefore,  whom  we  have  quoted,  has  been  ill- 
informed.  But  the  spirit  of  calumny  and  satire,  which  has  so 
jusdy  rendered  liis  work  suspected,  ought  not  to  prevent  us  firom 
extracting  from  it  the  lines  in  which  he  explains,  with  that  energy 
which  is  peculiarly  his  own,  his  opmion,  which  is  that  of  all 
Europe,  when  he  does  justice  to  M.  Lagrange. 

"  1  think,*'  says  he,  ^ist.  Secrete  de  la  Cour  de  Berlin,  1789, 
tome  ii.  page  173),  ^^  that  there  is  at  this  moment  an  acquisition 
fvorthy  of  the  king  of  France,  the  illustrious  Lagrange,  the  great- 
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«st  mathematician  who  has  appeared  since  Ne\¥toD,  and  who  in 
every  point  of  view  is  the  man  that  has  the  most  astonished  me^ 
-^Lagrange,  the  wisest,  and  perhaps  the  only  practical.  philosOi- 
pher  tliat  ever  existed,  meritorious  by  his  undisturbable  wisdom, 
bis  manners,  his  conduct ;  the  object  of  the  most  tender  respect 
of  the  small  number  of  men  with  whom  he  associates ;— JLagrange 
is  misunderstood  ;  every  thing  leads  him  to  leave  a  country  where 
nothing  can  excuse  the  crime  of  being  a  foreigner,  and  where  in 
fact  he  is  merely  tolerated.  Prince  Cardito  de  Laffiedo,  Nea- 
politan minister  at  Copenhagen,  offered  him  the  most  flattering 
conditions  on  the  part  of  his  sovereign.  The  Grand  Duke,  the 
King  of  Sardinia,  mvite  him  eagerly  ;  but  all  their  proposals  would 
be  easily  obliterated  by  ours.  I  am  very  eager  to  see  this  pro- 
posal made,  because  I  consider  it  as  noble,  and  because  I  tender- 
ly love  the  man  who  is  the  object  of  it.  I  have  induced  M.  La* 
grange  not  to  accept  immediately  the  proposals  made  to  him,  and 
to  wait  till  he  receives  ours." 

The  author  whom  we  quote  appeal's  to  fear  the  oppositicm  of 
M.  Breteuil ;  but,  according  to  M.  Lagrange  himself,  it  was  the 
Abbe  Marie  who  proposed  it  to  M.  Breteuil,  who  on  all  occasions 
anticipated  the  desires  of  the  Academy  of  Sciences,  presented  the 
demand  to  Louis  XVI,  and  induced  hinKto  agree  tq  it. 

The  successor  of  Frederic,  although  he  did  not  much  interest 
himself  in  tlie  sciences,  made  some  difficulty  in  allowing  a  philos- 
opher to  depait  whom  his  predecessor  had  invited,  and  whom  he 
honoured  with  his  particular  esteem.  After  some  delay,  M.  La^ 
grange  obtained  libeity  to  depart.  It  was  stipulated  that  he  should 
BtiU  give  some  memoirs  to  the  Berlin  Academy.  The  vcdumes  of 
1792,  1793,  and  1803,  show  that  he  faithfully  kept  bis  promise. 

It  was  b  1787  that  M.  Lagrange  came  to  Paris  to  take  his 
seat  in  the  Academy  of  Sciences,  of  wliich  he  had  been  a  foreign 
member  for  jSfteen  years.  To  give  him  the  right  of  voting  in  all 
their  deliberations,  tliis  title  was  changed  into  that  of  veteran  pen^ 
donary.  His  new  associates  showed  themselves  happy  and  proud 
in  possessing  hhn.  The  Queen  U'eated  him  with  regard,  and 
considered  him  as  a  German.  He  had  been  recommended  to 
her  from  Vienna.  He  obtained  a  lodging  in  the  Louvre,  where 
he  Eved  happy  till  the  Revolution. 

The  satistaction  which  he  enjoyed  did  not  show  itself  outward* 
ly.  Always  adable  and  kind  when  interrogated,  he  himself  spoke 
but  litde,  and  appeared  absent  mid  melancholy.  Often  in  com- 
panies which  must  have  been  suitable  to  his  taste,  among  the 
most  distinguished  men  of  all  countries  who  met  at  the  house  of 
the  illustrious  Lavoisier,  I  have  seen  him  dreaming  as  it  were» 
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with  his  head  against  a  window,  where  however  nothing  attracted 
his  attention.  He  remained  a  stranger  to  whit  w*as  passing  around 
hiin.  He  acknowledged  himself  that  his  enthusiasm  was  gone, 
Umt  he  had  lost  his  taste  for  mathematics.  When  informed  that 
a  madiemadcian  was  employed  at  such  a  task,  *^  so  much  the 
better,"  he  would  say,  "  1  had  begun  it,  now  it  will  be  unneces- 
sary for  me  to  finish  it."  But  he  merely  changed  the  object  of 
his  studies.  Metaphysics,  the  history  of  human  nature,  that  of 
diiierent  religions,  the  general  theory  of  languages,  medicine,  bot- 
any, divided  his  leisure  hours.  When  the  conversation  turned 
upon  subjects  with  which  it  was  supposed  he  was  unacquainted, 
we  were  struck  by  an  unexpected  observation,  a  fine  thought,  a 
profound  view,  which  excited  long  reflections.  Surrounded  by 
chemists  who  were  reforming  tlie  theory  and  even  the  language 
of  the  science,  he  made  himself  acquainted  with  their  discoveries, 
which  gave  to  facts  formerly  isolated,  that  connexion  which  dis- 
tinguishes the  dififerent  parts  of  the  mathematics.  He  undertook 
to  make  himself  acquainted  with  this  branch  of  knowledge,  winch 
formerly  appeared  to  him  so  obscure,  but  which  he  found  on  trial 
as  easy  as  algebra.  People  have  been  surprised  at  this  compari- 
son, and  have  thought  that  it  could  come  from  no  one  eke  than 
Lagrange.  It  appears  to  us  as  simple  as  just ;  but  it  must  be 
taken  in  its  true  sense.  Algebra,  which  presents  so  many  insolu- 
ble problems,  so  many  difficulties  against  which  Lagrange  himself 
stroked  in  vain,  could  not  in  that  sense  appear  to  him  an  easy 
study.  But  he  compares  the  new  elements  of  chemistry  with 
those  of  algebra.  They  constituted  a  body,  they  were  intelligible, 
they  oflSsred  more  certainty,  they  resembled  algebra,  which  in  the 
part  of  it  which  is  complete  presents  nothing  difficult  to  conceive, 
no  troth  to  which  we  may  not  arrive  by  the  most  palpable  reason- 
ing. The  commencement  of  tlie  science  of  chemistry  appeared 
t»  him  to  ofier  the  same  advantages,  perhaps  with  somewhat  less 
5tab9ity  and  certainty  ;  but,  like  algebra,  it  has  no  doubt  also  its  di^ 
ficulties,  its  paradoxes,  which  will  require,  to  explain  them,  much 
sagacity,  reflection,  and  time.  It  has  likewise  its  problems,  which 
never  will  be  resolved. 

In  this  philosophic  repose  he  continued  till  the  revolution,  with- 
out adding  any  thing  to  his  mathematical  discoveries,  or  even 
opening  his  Mecanique  Analytique,  which  had  been  published  for 
two  years. 

The  revolution  gave  philosophers  an  opportunity  of  making  a 
great  and  difficuh  innovation  :  the  establishment  of  a  system  of 
weights  and  measures  founded  on  nature,  and  perfectly  analogous 
to  oi!r  scale  of  numbers.    Lagrange  was  one  of  the  commission- 
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ers  whom  the  Academy  charged  with  that  task.  He  was  one  of 
its  keenest  promoters.  He  wished  to  see  the  decimal  system  hi 
all  its  purity.  He  was  provoked  at  the  complaisance  of  Borda; 
who  got  quarters  of  the  metre  made.  He  thought  the  objection 
of  little  importance  which  was  drawn  against  the  system  from  the 
small  number  of  divisors  that  its  base  afforded.  He  regretted 
that  it  was  not  a  prime  number,  as  11,  which  would  have  given 
the  same  denominator  to  all  the  fractions.  This  idea  perhaps  wiB 
be  regarded  as  one  of  those  exaggerations,  which  are  hazarded 
by  men  of  the  best  understandings,  in  the  heat  of  dispute.  But 
he  mentioned  the  number  1 1  merely  to  get  rid  of  the  number  12, 
which  more  intrepid  innovators  would  have  wished  to  substitute  in 
place  of  the  number  10,  that  constitutes  the  base  of  the  whole  of 
our  numeration. 

When  the  Academy  was  suppressed,  the  commission  chained 
•wMi  the  establishment;  of  the  new  system  was  retained  for  a  time. 
Three  months  had  scarcely  elapsed  when,  in  order  to  purify  that 
coimnission,  the  names  of  Lavoisier,  Borda,  Laplace,  Coulomb, 
Brisson,  and  Delambre,  were  struck  out.     Lagrange  was  retain- 
ed.    In  quality  of  president,  he  informed  me,  in  a  long  letter  full 
of  kincbess,  tliat  I  sliould  receive  official  information  of  my  re- 
moval.   As  soon  as  he  saw  me  on  my  return  to  Paris,  he  express- 
ed to  me  Ills  regret  at  the  dismission  of  so  many  associates.     "  I 
do  not  know,'*  said  he,  "  why  they  have  retained  me."  But  unless 
the  suppression  had  been  total,  it  could  scarcely  have   extended 
to  him.     The  more  losses  the  commission  had  sustained,  of  the 
more  importance  was  it  not  to  deprive  it  of  the  congderation  at- 
tached to  the  name  of  Lagrange.     Besides,  he  was  known  to  be 
wholly  devoted  to  the  sciences  ;  he  had   no  place  either  in  the 
civil  department  or  tlie  administration.     The  moderation  of  liis 
character  had  prevented  him  from  expressing  what  he  could  not 
but  diink  in  secret :  but  I  shall  never  forget  the  conversation 
which  1  had  with  him  at  that  period.      It  was  the  day   after 
the   atrocious    and    absurd  sentence,  contrary  to  every   thing 
like  jusdce,  had  thrown   all  lovers  of  the  sciences  into  mour- 
nmg,  by  cutting  off  the  most  illustrious  philosopher  in  Europe. 
"It  has  cost  them  but  a  moment,"  said  he,  "  to  cut  off*  that  head, 
and  a  hundred  years  perhaps  will  not  be  sufficient  to  produce  an- 
other like  it."     Some  months  before  we  had  had  a  similar  con- 
versation in  the  cabinet  of  Lavoisier,  on  account  of  the  death  of 
the  unfortunate  Bailly.     We  lamented  together  the  dreadful  con- 
sequences of  the  dangerous  experiment  which  the  French  had 
attempted.     All  these  chimerical  projects  of  melioration  appear* 
ed  to  him  very  equivocal  proofs  of  the  greatness  of  the  human 
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tmi.  "  If  you  wish  to  see  it  truly  ^eat,"  added  he,  "  enter  in* 
to  the  cabinet  of  Newton  employed  in  decomposing  light,  or  ia 
explaining  the  system  of  the  world." 

Already  for  some  time  he  had  regretted  not  having  listened  (o 
the  advice  of  his  friends,  who  at  the  commencement  of  our  trou- 
bles bad  recommended  him  to  seek  an  asylum,  which  it  would 
liave  been  so  easy  for  him  to  find.  As  long  as  the  revolution  seem- 
ed only  to  threaten  the  pension  which  he  enjoyed  in  France,  he 
had  neglected  diat  consideration,  out  of  curiosity  to  be  upon  the 
spot  of  one  of  those  great  convulsions  which  it  is  always  more  pru- 
aent  to  observe  at  a  distance.  "  It  was  your  own  choice,"  said  he 
several  times  to  himself  when  he  entrusted  me  with  his  regret.  It 
was  to  no  purpose  that  a  special  decree  of  the  Constituent  As- 
sembly had  insured  the  payment  of  his  pension.  The  decree 
was  of  no  value,  because  the  depreciation  of  the  paper  currency 
was  suiHcient  to  render  it  illusory.  He  had  been  named  mem- 
ber of  the  Board  of  Consultation^  appointed  to  examine  and  re- 
ward useful  inventions.  He  had  been  appointed  one  of  the  ad- 
ministrators of  the  Mint  This  commission  offered  him  few 
objects  to  fix  his  attention,  and  could  in  no  degree  remove  liis  ap- 
prehen^ons.  It  was  again  proposed  to  draw  him  to  Berlin,  and 
to  restore  him  to  his  former  situation.  He  had  agreed  to  the  pro- 
posal. Herault  de  Sechelles,  to  whom  he  had  applied  for  a 
Sssport,  offered  him,  for  the  greater  security,  a  mission  to  Prussia* 
adame  Lagrange  would  not  consent  to  quit  her  country.  This 
repugnance,  which  at  that  time  he  considered  as  a  misfortune, 
was  to  him  a  source  of  ,  fortune  and  of  new  glory. 

The  Normal  School,  of  which' he  was  named  Professor,  but 
which  had  only  an  ephemeral  existence,  scarcely  gave  him  time 
to  explain  his  ideas  respectmg.  the  foundation  oi  arithmetic  and 
algebra,  and  their  application  to  geometry. 

The  Polytechnic  School,  the  result  of  a  happier  idea,  had  like- 
wise a  more  durable  success :  and  among  the  best  pfiects  wliich 
it  produced,  we  may  place  tliat  of  having  restored  Lagrange  to 
Analysis.  It  was  tnere4bat  he  had  an  opportunity  of  developing 
those  ideas,  the  germ  of  whiph  was  to  be  found  in  two  me^moirs 
that  he  had  published  in  177^  and  the  object  of  which  was  to  ex- 

|)lain  the  true  metaphysics  of  the>d^erential  and  integral  calcu- 
us.  To  render  these  happy  develiy^ments  more  easily  under- 
stood, the  professor  associated  himself  with  his  pupils.  It  was  then 
that  he  composed  his  Analytical  Functions,  and  his  Lectures  on 
that  Calculus,  of  which  he  published  several  editions.  "  Those 
who.  have  it  in  their  power  to  attend  these  interesting  lectures,** 
said  publicly  one  of  the  professors  (M.  Lacroix),  ^^  have  the 
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pleasure  to  see  him  create  hefate  the  eyes  of  his  audience  ainaose 
the  whole  of  his  theory,  and  will  carefmly  preserve  several  varia- 
tbns  which  the  historian  of  the  science  will  collect  as  examples  of 
ifae  path  followed  m.analysb  by  the  genius  of  mvention.'' 

It  was  then  likewise  that  be  published  his  treatise  on  the  nu- 
merical solution  of  equations,  with  notes  on  the  several  points  of  the 
theory  of  algebraic  equations. 

It  is  said  that  Arclumedes,  whose  great  reputation,  at  least  with 
the  historians,  is  founded  upon  the  machines  of  all  kinds,  by  means 
of  which  he  retarded  the  taking  of  Syracuse,  despised  these  me^ 
chanical  inventions,  on  which  he  wrote  nothing,  and  placed  im- 
portance (xily  in  his  works  of  pure  theory.  We  may  sometimes 
conceive  that  the  great  mathematicians  of  our  age  entertained  the 
same  sentiments  with  Archimedes.  They  consider  a  problem  as 
colved  when  it  presents  no  analytical  difficulty,  when  nothing  re- 
mains to  be  done  but  diflbrentiations,  substitutions,  and  reductions, 
operations  ^diich  require  merely  patience,  and  a  certain  dexterity 
tierived  from  practice.  Satisfied  with  having  removed  all  tlie  real 
difficulties,  they  concern  themsdves  perhaps  tcx>  litde  with  the 
embarrassments  which  they  leave  to  the  calculator,  and  with  the 
Jong  labour  necessary  in  ord^  to  make  use  of  their  formula,  even 
oAer  it  has  been  suitably  reduced.  M.  Lagrange  had  more  than 
cnce  attempted  to  abridge  the  usual  calculations. 

The  general  resolution  of  algebraic  equations  is  subject  to  diffi- 
culties which  are  oxi^dered  as  insurndountable  ;  but  in  practice 
every  determbate  problem  brings  us  to  an  equation,  all  the  coef- 
ficients of  which  are  given  in  numbers.  It  would  be  sufficient 
therefore  to  have  a  sUjre  method  of  finding  all  the  roots  of  such  an 
equation,  which  is  called  numerical*  This  was  the  object  which 
M.  Lagrange  proposed  to  himself.  He  analyses  aJl  the  known 
methods,  and  shows  their  uncertainty  and  insuffici^cy.  He  re- 
duces die  problem  to  the  determination  of  a  quantity  sjpaaller  than 
the  smallest  difierence  between  the  roots.  This  is  j^omethoig. 
We  cannot  too  much  admire  the  analytical  skill  displayed  ^ihrougb- 
•Dut  tlie  whole  work.  But  notwithstanding  all  the  resourced  of  die 
genius  of  M.  Lagrange,  we  cannot  conc^  that  the  laboui\of  his 
method  is  exceedingly  great,  and  calculators  will  doubtless  cDtttin- 
ue  to  prefer  methods  less  direct  indeed,  but  more  expeditious. 
The  author  resumed  this  subject  no  less  than  four  times.  It  fB  to 
be  feared  that  a  commodious  and  general  solution  will  never  tbe 
discovered,  or  at  least  it  must  be  sought  for  by  other  means.  Tfie 
author  seems  to  have  acknowledged  this  himself,  as  be  recoi^ 
mends  the  method  of  M.  Budan  sts  the  naost  convenient  and  elcf* 
gant  for  resolving  equaticms  whose  roots  are  all  leal.  V 
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The  desire  of  multiplying  useful  applications  induced  him  to 
undertage  a  new  edition  of  the  Mecanique  Analjrtique.  His 
project  was  to  develope  the  most  useful  parts  of  it.  He  labour- 
ed at  it  with  all  the  ardour  and  intellectual  power  which  he 
could  have  applied  at  any  period  of  his  life.  But  this  applica- 
tion occasioned  a  degree  of  fatigue  which  threw  him  into  a  faint* 
ing  fit.  He  was  found  in  that  state  by  Madame  Lagrange.  His 
head  in  falling  had  struck  against  the  corner  of  a  table,  and  this 
£(hock  had  not  restored  him  to  his  senses.  This  was  a  warning 
to  take  more  care  of  himself.  He  thought  so  at  first ;  but  he  was 
too  anxious  to  finish  his  work,  the  printing  of  which  is  at  present  at 
tfie  twenty-sixth  sheet  of  the  second  volume.  The  first  volume 
had  appeared  some  time  before  his  death.  It  had  been  followed 
by  a  new  edition  of  his  Fonctions  Analytiques.  So  much  labour 
exhausted  him.  Towards  the  end  of  March  a  fever  came  on, 
he  lost  his  appetite,  his  sleep  was  uneasy,  and  his  waking  was  ac^ 
companied  by  alarming  swoonings.  He  perceived  his  danger  ; 
but,  preserving  his  undisturbable  serenity,  he  studied  what  pass- 
ed within  him,  and,  as  if  he  were  assistmg  at  a  great  and  un- 
common experiment,  he  bestowed  all  his  attention  on  it.  His 
remarks  have  not  been  lost.  Friendship  conducted  to  his  house 
on  the  8th  of  April,  in  the  morning,  MM.  Lacepede,  Monge, 
and  Chaptal,  who  took  care  to  write  down  the  principal  points  of 
a  conversation,  which  was  his  last.  (We  have  scrupulously  fol- 
lowed these  notes,  and  the  passages  under  inverted  commas  are 
faithfully  copied  from  the  manuscript  of  M.  Chaptal.^ 

"  He  received  them  with  tenderness  and  cordiahty.  I  was 
very  iU,  my  friends,'*  said  he,  "  the  day  bifore  yesterday ;  I  per- 
ceived myself  dying,  my  body  became  weaker,  my  moral  and 
physical  powers  were  gradually  declining;  I  observed  with  pleas- 
ure the  gradual  diminution  of  my  strength,  and  I  arrived  at  tlie 
Eunt  widiout  pain,  without  regret,  and  by  a  very  gentle  declivity, 
eath  is  not  to  be  feared,  and  when  it  comes  widiout  violence  it 
is  a  last  function,  which  is  neither  painful  nor  disageeable.''  Then 
he  explained  to  them  his  ideas  respecting  life,  tlie  seat  of  which 
he  considered  as  spread  over  the  whole  body,  in  every  organ  and 
an  parts  of  the  machine,  which  in  his  case  became  equally  feebler 
in  every  part  by  the  same  degrees.  ^  A  littk  longer,  and  diere 
would  have  been  no  functions,  death  would  have  overspread  the 
whole  body,  for,  death  is  merely  the  absolute  repose  of  the  body  ; 
I  wished  to  die,"  added  he  with  greater  force ;  *'  I  found  a  pleasure 
in  it ;  but  my  wife  did  not  wish  it.  I  should  have  preferred  at 
diat  time  a  wife  less  kind,  less  eager  to  restore  my  strength,  and 
who  woidd  have  allowed  me  gently  to  have  fini^ed  ray  career. 

Boit.  Jour.  Jan.  fy  Feb.  182C.  28 
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I  have  performed  my  tadc,  I  have  acquired  some  celebrity  in  the 
madiematics,  I  have  hated  nobodyi  I  have  done  no  ill ;  it  is  now 
proper  to  finish." 

As  he  was  very  animated,  especially  at  these  last  words,  his 
friends,  notwithstanding  the  interest,^  with  which  they  listened  to 
him,  proposed  to  retire.  He  retained  them,  began  to  relate  to 
them  the  history  of  his  life,  of  his  labours,  of  his  success,  of  his 
residence  at  Berlin,  where  he  had  often  told  us  what  he  had  seen 
near  a  King  ;  of  his  arrival  at  Paris,  the  tranquillity  he  had  enjoy* 
ed  iat  first,  the  anxiety  occasioned  to  him  by  the  Revolution,  and 
liow  he  had  been  finally  rewarded  by  a  powerful  monarch,  capa* 
ble  of  appreciating  his  worth,  who  had  loaded  him  with  honours 
and  dignities,  and  who  had  even  lately  sent  him  the  Grand  Rib- 
bon of  the  Imperial  Ch^der  of  Re-union.  Let  us  add  likewise, 
w  Jio  after  ha\Tng  given  him  during  his  life  the  most  unequivocal 
proofs  of  tlic  liighest  esteem,  has  since  done  more  for  his  ^idow 
and  his  brother  than  ever  Frederic  had  done  for  him  while  he 
was  Director  of  his  Academy. 

He  had  neither  been  ambitious  of  riches  nor  honour  ;  but  he 
had  received  both  with  respectful  gratitude,  and  rejoiced  at  the 
acquisition  for  die  advantage  of  the  sciences.  He  meant  to  affix 
tliese  titles  to  the  fronticepiece  of  his  work,  "  in  order  to  show, 
tlie  uni\erse  to  what  a  degree  tlie  Emperor  loved  and  honoured 
philosophers." 

From  diese  last  w^ords  we  see  diat  he  had  not  lost  all  hope  of 
cure  ;  he  believed  only  that  his  convalescence  would  be  long. 
He  ofiered,  when  he  recovered  liis  strength,  to  go  and  dine 
at  M.  Lacepede's  country  house  with  MM.  Monge  and  Chaptal, 
and  proposed  to  give  them  details  respecting  his  life  which  could 
be  found  nowhere  else.  These  details  are  irretrievably  lost. 
We  do  not  even  know  to  what  he  alluded,  nor  what  he  could  have 
added  to  the  second  volume  of  die  Mecanique  Analytique,  which 
was  then  in  die  press.  We  have  just  learned  that  the  Countess 
Lagrange  has  put  into  the  hands  of  M.  Prony  tlie  complete  man- 
uscript of  die  second  volume,  in  which  will  be  found  *  important 
additions,  and  sections^^ntirely  \*Titten  anew.  By  the  care 
of  an  editor  so  skilful,  and  so  devoted  to  the  memory  of  tlie  author, 
the  philosophical  world  is  sure  of  obtaining  with  the  greatest  ac- 
curacy and  despatch  v^hat  is  wanting  to  complete  the  work,  and 
perliaps  even  memoirs  entirely  newi 

"  During  this  conversation,  wliich  lasted  more  Uian  two  hours, 
his  memory  often  failed  him ;  he  made  vain  efforts  to  recover 
names  and  dates,  but  liis  discourse  was  always  connected,  full  of 
strong  tlioughts  and  bold  expressions."     Thb  exercise  of  his 
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faculties  wasted  the  whole  remains  of  his  strength.  Scarcely  had 
Ws  friends  left  him,  when  he  feD  into  a  fainting  tit,  and  he  died 
two  days  after,  on  the  10th  of  April,  1813,  at  three  quarters  past 
nine  o'clock  in  the  morning. 

M.  Lagrange  was  of  a  delicate  but  good  complexion.  His 
tranquillity,  his  moderation,  an  austere  and  frugal  regimen,  from 
which  he  rarely  deviated,  prolonged  his  life  to  tlie  age  of  seventy- 
seven  years,  two  months,  and  ten  days.  He  was  twice  married  : 
first  at  Berlin,  in  order  to  be  on  a  footing  with  the  rest  of  the  acad- 
emicians, none  of  whom  were  bachelors.  He  brought  from  Tu- 
rin one  of  his  relations.  He  married  her,  and  lost  her  after  a  long 
illness  during  which  he  had  bestowed  on  her  the  most  tender 
and  unremitted  care.  When  he  afterwards  married,  in  France, 
Mademoiselle  Lemonnier,  daughter  of  the  celebrated  astronomer 
of  that  name,  he  said  to  us,  "  I  had  no  children  by  my  first  mai*- 
riage ;  I  do  not  know  if  I  shall  have  them  by  my  second  ;  but  I 
scarcely  desire  them."  What  he  principally  wished  was  an  amia- 
ble companion,  whose  society  might  afford  him  some  amusement 
during  the  intervals  of  his  studies,  and  in  this  respect  he  was  very 
successfuL  Madame  Lagrange,  daughter,  grandaughter,  and 
niece,  of  members  of  the  Academy  of  Sciences,  was  desening  of 
the  name  which  he  gave  her.  This  advantage  in  her  eyes  mak- 
ing up  for  the  difference  of  their  ages,  she  soon  felt  for  liim  the 
tenderest  regard.  He  was  so  grateful  tliat  he  could  scarcely  bear 
to  be  separated  from  her,  and  it  was  on  her  account  alone  diat  he 
felt  any  regret  at  relinquishing  this  life  ;  and  he  was  often  heard 
to  say,  that  of  all  his  good  fortune,  that  which  he  prized  the  most 
was  having  obtained  a  companion  so  tender  and  attached  to  him. 
During  the  ten  days  that  his  illness  lasted  she  never  quitted  him 
(or  a  moment,  and  was  constandy  employed  in  recruiting  his 
strength  and  prolonging  his  existence. 

He  loved  retirement ;  but  did  not  insist  upon  his  young  wife's 
ic^wing  his  example.  On  her  account  he  went  out  more  fre- 
quently, and  indeed  his  high  situations  obliged  him  to  show  him- 
self in  thfe  world.  It  was  often  apparent  that  he  continued  the 
meditations  in  public  which  he  had  begun  in  his  cabinet.  It  has 
been  said  that  he  was  not  insensible  to  the  charms  of  music.  In 
fact,  in  a  numerous  company  he  was  not  displeased  at  a  concert. 
On  one  of  these  occasion  I  asked  him  what  he  tliought  of  die 
music  :  "  I  love  it,"  says  he,  "  because  it  leaves  me  to  myself.  I 
listen  to  it  during  the  first  three  measures,  but  I  hear  no  more  rf 
it ;  I  give  myself  up  to  reflection,  nothing  interrupts  me,  and  in 
this  way  I  have  solved  many  a  difficult  problem."  Hence  the 
finest  music  must  have  been  that  during  which  he  was  inspired 
with  the  finest  of  bis  thoughts. 
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Though  he  had  a  venerable  figure,  indicating  his  exceUent 
characteristics,  he  would  never  allow  his  poitrait  to  be  drawn. 
More  than  once,  by  a  very  excusable  piece  of  address,  persons 
have  been  introduced  during  the  meeting  of  the  Institute  to  take  a 
sketch  of  him  without  his  knowledge.  An  artist  sent  by  the  Acad- 
emy of  Turin  drew  in  this  manner  the  outline  from  which  was 
constructed  the  bust  diat  was  exhibited  for  some  months  in  the 
hall  of  the  Institute,  and  is  at  present  in  the  library.  A  cast  was 
taken  of  him  after  his  death;  and  some  time  before,  while  he  slept, 
a  picture  of  him  was  taken,  which  is  said  to  resemble  him  very 
much. 

Grende  and  even  timid  in  conversation,  he  took  a  pleasure  in 
asking  questions,  either  to  draw  out  others,  or  to  add  their  reflec- 
tions to  his  own  vast  knowledge.  When  he  spoke,  it  was  always 
in  a  tone  of  doubt,  and  his  first  words  usually  were,  1  do  not  know* 
He  respected  the  opinions  of  others,  and  was  very  far  from  laying 
down  his  own  as  a  rule.  Yet  it  was  not  ea^  to  make  him  change 
them.  Sometimes  he  even  defended  diem  widi  a  degree  of  heat 
which  continued  to  increase  till  he  was  sensible  of  some  alteration 
in  himself;  then  he  immediately  resumed  his  usual  tranquillity. 
One  day,  after  a  discussion  of  tliis  kind,  M.  Lagrange  having  left 
the  room,  Borda  remaining  alone  with  me,  allowed  these  words 
to  escape  him  :  ^'  I  am  sorry  to  say  it  of  a  man  like  M.  Lagrange, 
but  I  do  not  know  a  more  obstinate  person."  If  Borda  had  gone 
away  first,  Lagrange  might  have  said  to  me  as  much  of  our  asso- 
ciate, who  was  a  man  of  excellent  sense  and  considerable  wit ; 
but  who,  like  Lagrange,  did  not  easily  abandon  those  opinions 
which  he  had  adopted  after  a  mature  examination. 

A  gende  and  good-natured  irony  was  often  remarkable  in  die 
tone  of  his  voice ;  but  I  never  saw  any  person  hurt  at  it ;  because 
it  was  necessary  to  have  well  understood  every  thing  that  went 
before  to  perceive  the  true  intention  of  it. 
-  Among  all  the  master-pieces  which  we  owe  to  his  genius,  his 
Mecanique  is  certainly  the  most  remarkable  and  the  most  import- 
ant. The  Fonctions  Analytiques  bold  only  the  second  place,  not- 
withstanding the  fruitfulness  of  the  principal  idea,  and  Uie  beauty 
of  the  developments.  A  notation  less  commodious,  and  calcula- 
tions  more  embarrassing,  thougli  more  luminous,  will  prevent  ma- 
thematicians fi-om  emplojing,  except  in  certain  difiicult  and 
doubtiul  cases,  his  symbols  and  names.  It  is  sufficient  that  he  has 
proved  the  legitimacy  of  the  more  expeditious  processes  of  the 
difierential  and  integral  calculus.  He  has  himself  followed  the 
ordinary  notation  in  the  second  edition  of  his  Mecanique. 

This  great  work  is  entirely  founded  on  the  calculus  of  variations. 
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of  vdncfa  he  was  the  inventor.  The  whole  flows  from  a  single 
formula,  and  from  a  principle  known  before  his  time  ;  but  the 
whole  utility  of  which  vras  far  from  suspected.  This  sublime 
composition  includes  all  his  other  preceding  labours  which  could 
be  connected  with  it.  It  is  distinguished  likewise  by  the  phifeso- 
phical  spirit  which  reigns  from  one  end  of  it  to  the  other.  It  is  like- 
wise the  best  histc»ry  of  that  part  of  the  science,  a  history  which 
could  only  have  been  written  by  a  man  perfectly  master  of  his 
subject,  and  superior  to  all  his  furedecessors,  whose  works  he  wa»r 
lyses.  It  forms  a  most  interesting  piece  of  reading  even  to  him 
who  is  not  capable  of  appreciatmg  all  the  details.  Such  a  read- 
er  will  at  least  find  the  intimate  connexion  of  all  the  principles  on 
which  the  greatest  mathemadcians  have  founded  their  researches 
into  mechanics.  He  will  there  see  the  geometrical  law  of  the  ce- 
lesdal  motk>ns  deduced  fitxn  simple  mechanical  and  anal}^al 
considerations.  From  those  problems,  which  serve  to  calculate 
the  true  system  of  the  world,  the  author  passes  to  questbns  more 
difficult*  more  complicated,  and  which  belong  to  another  order  of 
things.  These  researches  are  only  objects  of  pure  curiosity,  as 
die  author  announces,  but  they  show  the  extent  of  his  resources. 
Finally,  we  see  there  his  new  theory  of  the  variations  of  arbitrary 
constant  quantities  of  the  motion  of  the  planets,  which  had  appear- 
ed with  so  much  eclat  in  the  Memoirs  of  the  Institute,  where  it 
had  shown  that  the  author,  at  the  age  of  seventy-five,  had  not 
sunk  firom  the  rank  which  he  had  filled  for  so  long  a  time  in  tba 
ofnnions  of  all  mathematicians. 

in  every  part  of  his  writings,  when  he  makes  use  of  an  importr 
ant  theorem,  he  names  the  original  discoverer  of  it 

When  he  opposes  the  ideas  of  his  predecessors  and  contempo- 
raries, it  is  with  all  the  attention  due  to  genius ;  when  he  pomts  out 
the  errors  of  those  who  have  attacked  him,  it  is  with  the  iqpatlnr  of 
a  true  mathematician,  and  the  calmness  of  a  demonstration,  'tfaae 
of  his  celebrated  rivals  had  ideas  more  just,  more  fine,  more 
general,  and  more  profound.  Finally,  thanks  to  his  happy  labours, 
the  science  of  mathematics  is  now  like  a  vast  and  fine  palace, 
the  foundations  of  which  he  renewed,  and  in  which  we  cannot 
take  a  single  step  without  perceiving  admirable  monuments  of  hb 
genius. 
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Akt.  XXV. — Some  Account  of  the  Climate  fyc.  oftJie  North  of 
France,  collected  j^artli/Jrom  Olstrvaiion,  partly  from  a  free 
Communication  vnth  the  Inhabitants  of  varums  ranks.  Writ- 
ten, during  a  Residence  in  that  Country,  for  the  use  of  a  Friend 
in  Britain.  By  H.  H.  Blackadd£R,  Esq.  Surgeon.  [Brews- 
ter*i  Journal,] 

The  northern  part  of  France  distinguished  more  exclusively 
by  the  name  of  French  Flanders,  comprehends  about  60  square 
leagues,  or  540  square  miles,— extending  N.  E.  to  W.,  from  Dun- 
kirk to  Calais,  about  nine  leagues,  and  N.  to  S.  E.,  from  Grav- 
elines  to  Cassel,  about  eight  leagues.  This  tract  of  country 
forms  one  extensive  level  plain,  which  was,  beyond  all  doubt,  at 
some  remote  period  occupied  by  the  sea.  The  insulated  hill  on 
which  Cassel  stands,  and  which  rises  from  five  to  six  hundred  feet 
abo^e  the  level  of  the  plain,  was  at  one  time  bathed  by  the  sea, 
from  which  it  is  now  distant  about  six  leagues, — ^and  there  are 
monuments  which  seem  to  indicate  that  vessels  could  in  former 
times  reach  even  to  St  Omer,  which  is  eight  leagues  from  the 
present  shore  of  the  English  Channel. 

The  period,  at  which  the  land  began  thus  to  encroach  upon 
the  sea,  is  lost  in  the  lapse  of  ages, — all  that  we  can  discover 
from  history  is,  that  this  encroachment  had  made  considerable 
projTess  anterior  to  tlie  age  of  Julius  Caesar.  No  fossil  shells 
are  foii|d  in  the  soil,  but  trees,  similar  to  those  found  in  Holland, 
have  been  dug  out  «xteen  feet  below  the  surface.  The  cause 
of  tliis  formation  of  land,  and  consequent  repulsion  of  the  sea, 
seems  to  be  the  successive  accumulation  of  alluvial  matter  brought 
down  by  the  rivers, — ^including,  perhaps,  the  Rhine,  the  Meuse, 
and  the  Scheldt,  along  with  the  action  of  the  North  Sea  on  the 
coast  of  Holland.  Gravelines,  built  at  the  mouth  of  a  river,  was, 
at  the  beginning  of  the  last  century,  bathed  by  die  sea,  and  is  now 
distant  from  it  about  three  miles. 

The  surface  of  the  country  is  but  very  litde  elevated  above  the 
level  of  the  sea  at  low  water ;  and  when  the  sea  is  full,  the  land  is 
so  much  below  it,  that  were  it  not  for  the  artificial  embanbnents 
along  tlie  shore,  and  if  the  sluices  were  not  regularly  shut  at  Ca- 
lais, Gravelines,  Dimkirk  and  Fort  Nieulay,  'die  whole  country 
would  be  inundated.  Hence  it  is  that  the  rivers  and  canals  do 
not  flow  during  high  water,  a  phenomenon  which  always  attracts 
the  attention  of  stangers,  more  especiaUy  when  unacquainted  with 
the  cause. 
'     Strictly  speaking,  there  is  but  one  river  that  passes  through  this 
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country,  which  is  named  the  Aa,  and  which  has  its  origin  near 
Reuti  m  Artois,  about  six  leagues  to  the  S.  W,  of  St  Omer.  Pass- 
ing through  die  last  mentioned  town,  its  direction  is  towards  Grave- 
lines,  and  about  a  league  beyond  that  place  it  reaches  the  sea,— 
its  wliole  course  not  being  less  than  sixty  or  seventy  miles.  At 
different  parts,  as  in  the  vicinity  of  St  Omer,  the  bed  of  the  river 
has  been  raised  many  feet  above  the  surrounding  fields,  so  that 
it  is  impossible  to  mvine  what  its  original  distrihutioQ  may  have 
been.  At  Waten  it  gives  off  a  branch  called  the  G>lme,  which 
runs  N.,  passes  Bergue,  and  enters  the  sea  at  Dunkirk.  A  second 
branch  goes  towards  Bourbourg,  which  it  sunx>unds  and  crosses, 
and,  with  tlie  Colme,  reaches  the  sea  at  Dunkirk.  About  two 
centuries  ago  these  branches  were  enlarged,  (being  then  only 
small  streams,)  so  as  to  form  two  canals  for  the  purpose  of  navi- 
gation,— and  serving  also  more  effectually  to  carry  off  the  water 
from  tlie  innumerable  small  canals,  (termed  Vfatergang9  in  the  lan- 
guage of  the  country,)  and  from  the  ditches  which  communicate 
with  them. 

To  a  stranger,  nothing  is  more  novel  and  characterestic,  than 
the  manner  in  which  this  tract  of  country  is  divided  and  intersect- 
ed by  the  small  canals  and  ditches  ;  the  meadows,  corn-fields, 
plantations,  and  gardens  of  each  proprietor,  being  divided  by  these 
watergangs  Into  small  and  more  or  less  regular  squares,  each  of 
which  is  completely  insulated,  so  as  to  admit  of  boats  readily  pass- 
ing between  them,  Tlie  whole  may  be  compared  to  tlie  streets 
and  alleys  of  a  large  city,  where  water  and  boats  come  ki  the 
place  of  pavements  and  carriages.  The  execution  of  these  works 
has  been  of  incalculable  advantage  to  the  country, — ^immense 
tracts  of  rich  soil,  otherwise  worse  than  useless,  has  been  render- 
ed highly  productive  ;  land  carriage  is  almost  unloiown ;  and  hasty 
but  not  least,  the  endemic  diseases,  which  were  Sarmerly  the 
scourge  of  the  inhabitants,  have  now  nearly  disappeared. 

The  river  Aa  runs  slowly  on  a  slimy  channel,  and  which  is  fit 
hr  forming  peat.*     Hence  the  water  has  a  peculiar  brackish 

*  In  many  places  peats  are  dug  out  of  the  wateigangs*  ^  several  ftet  under  the 
larlace  of  the  water.  For  this  purpose,  the  person  goes  into  a  large  half-decked 
boat,  and  is  provided  with  a  very  long-handled  spade,  the  rest  for  the  loot  being  four 
or  five  feet  from  the  cutting  extremity.  With  tbis  instrument  he  digs  ap  the  peat, 
which  is  easily  raised  to  the  surface  of  the  water,  but  then  requires  a  considerable 
exertion  to  place  it  on  the  deck.  Afterwards  the  peats  are  transferred  to  the  land, 
to  be  thoroughly  dried,  and  where,  for  a  considerable  time,  they  emit  a  most  offen- 
sive odour.  When  dry  they  are  very  difierent  from  the  peat  to  be  met  with  in. 
fi^Uand.  They  are  very  bard,  black,  and  ponderous,— not  easily  kindled,  and  in 
barnin?,  give  out  a  most  disagreeable  and  almost  unsupportable  odour.  This  odour 
is  well  known  to  strangers  who  may  have  walked  round  the  old  ramparts  of  Calais, 
though  they  may  h^ie  remained  ignorant  of  its  true  origin.    The  cause  is  doubtless 
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taste,  which  is  very  disagreeable.  Over  the  whole  of  this  coun- 
try, indeed,  the  water  is  sufficiently  bad  ;  but  that  of  the  Colme 
and  the  canals  is  even  worse  than  thsi  of  the  Aa.  In  general  it 
has  a  muddy  brown  colour,  and  deposits  a  greenish  yeUow  slime 
in  sreat  abundance.  Many  of  the  inhabitants  are  nevertheless 
under  the  necessity  of  using  water  from  the  watergangs  and  ditch- 
es, however  unwholesome.  It  is  very  dangerous  to  make  use  of 
these  waters  as  drink,  but  their  o^nsive  taste  commonly  prevents 
th^  use  in  that  form,  the  drink  of  the  inhabitants  being  always  a 
kind  of  tea  or  beer.  Much  use  is  made  of  water  from  draw- 
wells,  thoudi  the  quality  of  this  is  also  very  bad,  being  strongly 
knpregnated  with  saline  and  other  substances.  It  is  more  dis- 
coloured, and  of  greater  specific  gravity,  than  the  water  of  the 
rivers  and  canals,  and  is  unfit  for  culinary  purposes,  animal 
and  vegetable  substances  when  concocted  in  it,  acquiring  a  homy 
consistence.  The  principal  use  to  which  the  water  of  draw-wells 
is  applied  is  the  wastiing  of  the  houses,  a  practice  to  which  the 
inhabitants  are,  to  appearance,  excessively  addicted.  But,  per- 
haps, if  their  houses  were  not  thus  kept  proportionably  damp,  the 
inmates  would  be  less  able  to  resist  the  excessive  dampness  of 
the  external  air,  to  which  they  are  liable  to  be  exposed  in  all  va- 
riety of  circumstances. 

It  is  much  to  be  regretted  that  cisterns,  from  which  so  much 
advantage  has  long  been  derived  in  Holland,  are  here  almost  un- 
known. 

The  soil  seems  to  be  of  the  same  description  over  the  whole 
of  this  tract  of  country.  It  is  very  moist,  and  is  composed  of  a 
mixture  of  clay,  silicious  earth,  peat-moss,  and  a  considerable 
proportion  of  animal  and  vegetable  substances  in  a  state  of  decern- 
<  position.  So  much  do  the  latter  substances  abound,  that,  when 
it  is  exammed  in  the  hand,  it  has  that  over-rich,  or  rather  greasy 
appearance  of  the  soil,  that  is  to  be  found  in  the  vicini^  of  old 
dungliills.  Hence  it  is  that  ashes  are  in  such  great  repute  as  a 
manure,  and  are  sold  at  a  high  price.  The  cultivated  fields  are 
highly  productive,  and  the  pastures  and  meadows,  especially  those 
on  the  banks  of  the  canals,  aroimd  the  villages  and  large  farm- 
houses, are  rich  even  to  luxuriance.  There  are  also  considerable 
plantations,  the  vegetation  of  which  is  strikingly  rapid,  many  trees 
acquiring  large  dimensions  in  the  course  of  a  few  years.  The 
progress  made  after  engrafting  is  also  remarkable  ;  in  some  in- 

to  be  traced  to  the  great  quantity  of  decayed  animal  matter  that  enters  into  the 
composition  of  this  species  of  peat.  As  the  canals  afford  a  ready  and  cheap  mode 
of  convevance,  and  as  both  wood  and  pit-coal  are  high  priced,  these  peats  are  mack 
«sed  by  the  lowervranks,  both  in  the  towns  and  vUlages,  as  well  as  in  the  country* 
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stances,  indeed,  that  I  had  an  opporttmity  of  observing,  it  exceed- 
ed any  thbg  I  could  have  imagined  in  so  northerly  a  climate.  It 
may  be  observed,  that  the  trees  incline  to  the  east,  and  that  on 
their  sides  next  to  the  sea  there  are  comparatively  few  branches. 
The  agricultural  productions  are,  m  general,  of  the  best  quality ; 
wheat  and  rye  in  great  abundance,  a  great  quantity  c^  these  being 
sent  to  the  interior.  The  diseases  which  affect  the  com,  are  said 
to  be  le  charbon,  la  melle,  la  rouille,  le  bl^  mouchet^  ;  the  e^t 
of  the  rye  is  of  very  rare  occurrence.  It  b  not  uncommon,  ex- 
cepting in  the  summer  months,  to  see  the  meadows,  pastures,  and, 
fai  some  places,  even  the  ccMnfields,  covered  with  water.  Hence 
it  happens^  that  when  the  autumn  is  particularly  rainy,  the  sown 
fields  are  ruined,  and  it  becomes  necessary  to  re-sow  them  in  the 
month  of  Marclw  Potatoes  are  in  general  cultivation^  though  not 
so  much  used  as  in  Britain,  excepting  on  occasions  of  scarciQr, 
There  are  some  varieties  to  be  met  with  in  the  markets.  The 
first  is  characteriKed  by  the  paleness  of  the  skin  and  whiteness  of 
ihe  flesh,  resembling  '  in  these  respects  the  varie^  named  white 
idooms  in  some  parts  of  Scotland,  but  in  other  respects  it  is  much 
miperior.  It  is,  upon  the  whole,  rather  tasteless,  and  is  most  apt 
10  be  injured  by  frost.  The  skin  of  the  second  has  a  fine  claret 
colour,  and  the  flesh,  sufficientlv  dry,  is  more  compact  than  that 
of  caoet  other  varieties.  It  seldom  exceeds  the  size  of  an  egg, 
has  an  agreeable  flavour,  and  is  much  used  in  soup  akmg  with 
other  vegetables.  The  diird  is  an  excellent  and  beautiful  variety 
of  the  k^lney  species.  The  skin  is  of  a  br^ht  claret  colour, 
which  extends  into  the  flesh.  It  grows  from  two  to  five  or  six 
inches  in  length,  and  of  uniform  thickness,  which  is  seldom  so 
much  as  an  inch.  This  potatoe  is  very  dry,  has  a  very  agreeable 
Savour,  and  though,  with  other  varieties  of  the  kidney  species,  it  is 
Bot  very  productive,  it  is  surprising  that  it  is  not  met  with  in  our 
giardens.  It  is  usually  the  first  that  appears  in  the  market,  and 
must  be  considered  as  an  early  variety.  The  fourth  is  that  named 
Ihe  black  potatoe,  though  its  flesh  be  the  whitest  of  all.  This,  as 
elsewberor  is  cultivated  for  sprins  use,  being  universally  recognis- 
ed as  withstanding  the  frosty  and  as  being  later  in  vegetatii^  than 
any  other  variety.  I  never  observed  any  appearance  of  disease  ia 
ifaepotatoes  raised  in  this  country. 

The  horticultural  productions  are  very  abundant,  and,  upoa 
the  tvhole,  rather  luxuriant,  approaching  to  that  which  is  termed 
rank^-^e  quantity  and  size  being  much  more  characteristic  thai^ 
die  richness  of  the  flavour.  Still,  however,  the  cherries,  cur^ 
rants,  apples,  pears,  peaches,  plums,  and  other  fruits,  form  a  great 
part  of  the  wealth  of  the  inhabitants.     Gooseberries  are  not  muck 
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cultivated^  and  are  chiefly  used  in  an  unripe  state.  Much  use  is 
made  of  roasted  apples  and  pears,  more  especially  in  the  time  of 
Lent.  The  coarsest  apples  and  pears,  which  are  otherwise  only 
fit  for  making  cider  and  perry,  become  pulpy,  and  of  a  fine  sub- 
acid taste,  by  simple  roasting  in  the  oven.  In  this  state  they  are 
preserved  close  packed  in  jars  for  almost  any  length  of  dme,  and 
without  the  addition  of  sugar.  Spinage  and  sorrel  are  also  pre- 
served in  jars,  so  as  to  furnish  a  constant  supply  at  a  trifling  ex- 
pense during  winter  and  spring, — a  little  salt  and  half  boiling  of 
the  leaves  being  all  that  is  necessary.  For  the  purpose  of  pro- 
moting and  protecting  early  vegetation,  I  find  much  advantage  is 
derived  firom  the  use  of  easily  moveable  hurdles,  made  by  placmg 
a  thin  layer  of  straw  or  reeds  longitudinally  between  thin  wicker- 
work,  and  which  can  be  constructed  at  almost  no  expense.  These 
are  placed  in  various  directions  around  the  beds,  and  shifted  ac- 
cording to  circumstances.  There  is  one  method  of  having  early 
salad,  which  is  very  simple.  They  sow  the  lettuce  seed  very 
thick,  and  when  the  young  plants  are  about  an  inch  in  height, 
they  are  thinned  out.  These  young  plants  make  a  most  delicate 
salad,  and  the  taste  can  be  rendered  more  piquant  by  the  addition 
of  a  few  plants  of  the  Lactuca  virosaj  or  by  a  little  endive,  or 
blanched  dandelion. 

On  the  sea-shore  b  found  the  Cridm,  mariU  maj,y  which,  when 
confected  in  vinegar,  is  an  article  of  commerce. 

The  prevailing  quality  of  the  air  is  humidity,  the  face  of  the 
sky  being  commonly  concealed  by  a  sombre  greyness  of  the  at- 
mosphere, at  no  great  height  above  the  earth,  llie  barometer  is 
variable,  seldom  remaining  of  the  same  height  for  two  days  m  suc- 
cession. The  extremes  are  said  to  be  20,  3' — ^29.  It  has  been 
remarked,  that  the  changes  are  more  frequent  and  more  rapid  then 
in  the  interior,  and  that  the  variations  are  most  remarkable  about 
the  equinoxes.  The  mean  temperature  is  about  5^  above  that  of 
Paris.  The  cold  season  is  of  long  duration,  but  is  conmionly  not 
severe.  Judging  from  the  animal  sensations,  however,  this  cli- 
mate is  colder  than  that  of  Paris,  which  must  arise  from  the  great 
dampness  of  the  air,  caused  by  the  vicinity  of  the  sea,  the  number 
of  canals  and  ditches,  the  lowness  and  consequent  moistness  of  the 
soil,  and  the  great  luxuriance  of  vegetation. 

When  the  south  or  west  winds  continue  for  some  time  in  any 
season,  abundant  rain  is  the  consequence.  The  animal  system 
then  feels  relaxed  and  oppressed  ;  the  circulation  is  sk)w,  and  the 
^secretions  iqterrupted.  Persons  feel  themselves  heavy,  and  inca* 
pacitated  for  either  mental  or  corporeal  exertion,  and  many,  but 
particularly  strangers,  acquire  a  diingy  yellow  colour  of  the  skin. 
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obviously  connected  with  some  irritation  of  the  biliary  organs. 
The  state  of  the  atmosphere  is  quickly  changed  by  a  north  or 
northeast  wind  coming  from  the  sea.  These  wbds  are  dry  and 
invigorating^  but  not  unfrequendy  accompanied  by  a  dense  fog. 
The  winds  are  very  variable,  often  changmg  in  tl\e  course  of  the 
same  day.  The  most  frequent  are  the  southwest  and  the  north, 
the  most  rare  the  east.  The  southwest  and  north  wmds  are  al- 
ways the  strongest,  and  the  south  wind  is  very  moist.  The  south- 
west wind  is  common  in  autumn^  the  north  wind  in  spring.    ^ 

The  number  of  serene  days  is  about  forty,  and  occur  only  du- 
ring a  very  hot  or  veiy  cold  state  of  the  air.  Most  commonly  the 
sky  is  covered  with  a  universal  greyness,  through  which  the  sun 
only  occasionally  makes  liis  appearance. 

They  count,  od  an  average,  about  twelve  thunder  storms  in  the 
course  of  the  year  ;  and  not  unusually  a  tremendous  one  aU  at 
once  ushers  in  the  winter.  In  a  storm  of  this  kind  which  I  wit- 
nessed, a  wind-mill,  at  a  short  distance,  was  struck  by  the  elec- 
tric fluid,  and  immediately  after  tlie  flash,  there  suddenly  fell  a 
shower  of  angular  pieces  of  ice,  by  which  some  individuals  had 
their  faces  aUghtly  lacerated. 

Heavy  fogs  are  very  frequent,  often  appearing  at  mid-day,  and 
extending  from  the  sea,  envelope  all  Flanders,  but  seldom  advance 
interiorly  beyond  the  province  of  Artob.  These  fogs  occui*  oc- 
casuMially  at  all  seasons,  but  are  most  common  in  spring  and 
autumn. 

The  quantity  of  rain  is  only  somewhat  greater  than  at  Paris. 
There,  the  mean  is  24  inches  2  lines,  and  there  are  119  days  with 
rain  ;  here,  the  mean  is  24,4,  and  the  number  of  days  with  rain 
159.  May,  July,  August,  and  November  are  the  months  in  which 
most  rain  is  observed  to  fall. 

In  spring,  the  north  wind  is  almost  constant,  especially  from  the 
b^^uling  of  March  to  the  middle  of  April.  This  wind  is  strong, 
dry,  cold,  and  sharp.  It  freezes  in  the  night,  and  the  barometer 
always  keeps  high,  but  the  sky  is  uniformly  obscured.  Hoar- 
frosts are  apt  to  occur  until  May  ;  and  it  is  not  tiU  the  middle  of 
that  month  that  the  air  begins  to  feel  sensibly  and  steadily  warmer. 

In  summer,  the  weather  is  very  variable,  there  being  continual 
changes  from  heat  to  cold,  and  vice  versa,  not  only  fi^m  day  to 
day,  but  in  the  course  of  the  same  day.  A  fog  coming  in  a  direc- 
tioD  from  the  sea,  extends  all  over  the  country,  and  then  the  ther- 
mometer sinks*  In  July  and  August  the  heat  is  considerable, 
sometimes  so  high  as  92^.  On  such  occasions  there  is  always  a 
perfect  calm,  but  this  state  of  the  air  never  lasts  long ;  clouds  soon 
begin  to  make  their  appearance,  and  the  thermometer  falls  to  about 
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66^.  The  usual  summer  heat  is  from  65^  to  80°.  At  this  sea- 
son there  is  always  a  heavy  dew  during  the  night,  accompay 
nied  by  a  very  cold  and  dense  fog,  the  thermometer  falling  from 
8°  to  14°  lower  than  during  the  day.  Hence  the  origin  of  va- 
rious diseases,  tqf  which  persons  are  liable  when  exposed  to  the 
open  air  during  the  night.  No  where  is  the  sudden  sensadon  of 
cold  at  sunset  more  remarkable. 

In  autumU)  the  weather  is  more  steady  ;  after  the  e^inox,  the 
diermometer  sinks  to  50°,  and  vacillates  but  litde  for  a  cpnsiderw 
able  length  of  time.  Frosts  do  not  usually  commence  till  De^ 
cember ;  but  during  the  night  and  part  of  the  morning,  there  is  al-* 
ways  a  dense  cold  iog,  which  moistens  all  the  surface  of  the  ground, 
and  of  solid  bodies  resting  on  it. 

In  winter,  the  temperature  rarely  falls  so  low  as  20°,  but  it  has 
once  or  twice  been  observed  nearly  at  0°.  In  the  winter  of  1819, 1 
observed  it  so  low  as  10°  a  considerable  time  after  sunrise.  There 
had  previously  been  ^  great  fall  of  snow  widiout  wind,  and  there 
was  now  a  gentle  but  steady  northerly  In^eeze.  The  whole  sky 
was  free  of  clouds,  had  a  deep  blue  colour,  and  a  peculiar  glistening 
appearance,  produced  by  a  minute  icy  spiculse  with  which  it  was 
heavily  charged,  and  which,  impinging  on  the  face,  in  walking 
against  the  wind,  were  suilicient  to  blister  it.  These  spiculae  had 
no  effect  on  the  appearance  of  the  sun,  if  it  was  not  to  render  the 
light  more  intensely  white  and  glistening. 

A  humid  atmosphere,  habitual  heavy  fogs,  a  moderate  tempe* 
rature,  a  low  and  moist  soil,  the  free  use  of  watery  drinks,  such  aa 
beer,  the  daily  use  of  a  great  quantity  of  milk  and  butter,  an  abon-* 
dant  nourishment  of  wheat-bread,  butcher's  meat,  tea,  and  fresh 
water  fish,  and  earden  vegetables  of  all  kinds,  the  ease  of  all  ranks 
of  society,  and  labour  to  occupy  all  hands,  all  these  things  united 
must  gready  influence  the  physical  and  intellectual  constitutioD  of 
the  inhabitants.  In  general,  men,  animals,  and  vegetables,  are 
large.  A  moist  climate,  and  a  fertile  soil,  are  favourable  to  the 
developement  of  all  the  parts  of  animate  bemgs.  Hence  we  re- 
mark large  bones,  large  muscles,  with  a  profusion  of  cellular  sub- 
stance, when  King  Henry  the  VIII.  described  a  certain  prin- 
cess as  ^  a  great  Flanders  mare,"  the  comparison  was  rude,  but 
sufficiently  intelligible.  In  general,  the  complexion  of  the  inhabi- 
tants is  fair,  the  eyes  blue,  and  the  hair  chesnut.  They  support 
labour  well,  and  often  arrive  to  an  advanced  age.  In  character 
they  are  a  mixture  of  the  Frenchman  and  Hollander,  and  which, 
when  closely  anlayzed,  is  found  to  be  rather  an  odd  OHnpound. 

Beer  of  various  qualities  is  much  used,  and  s{mituous  liquors 
(particularly  ^n,  which  sells  at  the  rate  of  about  sixpence  the 
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botde)  are  consumed  in  great  quantity.  Drunkennessy  however, 
even  in  the  towns,  is  rare,  very  rare,  compared  with  what 
may  be  observed  in  Britain,  and  habitual  drinkers  stiU  more  so. 
But  it  is  an  ahnost  universal  practice  to  take  a  glass  of  raw  spirits 
OB  first  rising  in  the  morning,  a  practice  common,  and  said  to  have 
been  found  beneficial,  in  most  damp  countries  on  tlie  continent 
of  Europe.  The  use  of  spirits  mixed  with  water,  in  the  form  of 
grog  or  punch,  is  all  but  unknown,  such  a  mixture  bemg  consid- 
ered highly  pernicious  to  the  stomach,  and  it  would  be  well,  per- 
haps, if  aU  their  opinions  were  equally  well  founded.  Tea,  with 
or  without  milk,  but  always  without  sugar,  a  weak  beer,  and 
^^  bouiHte,"  are  the  common  drinks.  As  formerly  mentioned,  the 
water  cannot  be  used  in  its  crude  state  with  impunity.  The  bou- 
iHie  is  made  from  a  decoction  of  bran,  to  which  old  leaven  has  been 
added  ;  fermentation  ensues,  and  the  product  is  a  refreshing  sub- 
acid liquor,  which  removes  thirst  very  well. 

Mlk,  butter,  cheese,  and  bread,  constitute  the  principal  nourish- 
ment of  the  country  people.  Even  the  common  people  never  eat 
bread  without  butter  (excepting  in  Lent),  and  he  who  is  reduced 
to  do  so,  is  considered  at  the  depth  of  misery.  Hence  the  pro- 
v^hial  expression,  *^  Manger  le  pain  secJ*^ 

There  is  a  mess  called  sour-mUk  much  used  by  the  country 
people,  and  which  is  made  as  foUows :  A  considerable  quantity 
of  milk  is  put  into  a  deep  wooden  vessel,  and  a  certain  quantity  of 
salt  is  added  to  it.  It  is  then  left  until  the  whey  separates  from 
the  curd,  when  the  former  is  poured  off  and  eiven  to  the  pigs,  and 
the  latter  is  stirred  round,  and  more  milk  added  to  it.  This  ope- 
nation  is  repeated  until  the  desired  quantity  of  curd  is  obtained, 
and  which  is  found  to  have  acquired  a  very  acid  taste.  In  this 
state  it*  is  kept  for  winter  use,  and  is  used  in  mixing  a  quantity  of 
it  with  water  and  flour,  which  is  boiled,  and  then  bread  is  ad^ed 
to  it.  This  mess  is  used  for  breakfast  and  supper,  which  always 
concludes  with  bread  and  butter. 

There  is  another  mess  of  cmtl  often  used  in  the  summer 
months,  and  much  relished  for  supper.  For  making  it,  two  ves- 
sels are  provided,  the  one  of  which  goes  within  the  other,  the  in- 
nermost beii^perforated  with  numerous  holes  for  the  escape  of 
the  whey.  The  milk  is  coagulated  by  means  of  runnet  made  by 
infusing  a  small  piece  of  the  dried  stomach  of  a  younc  hare  in  white 
wine.  To  the  curd,  well  freed  of  the  whey,  is  added  salt  and 
peeper,  bvt  many  consider  eschalots  an  indispensable  ingredient. 
I  In  the  countiy  the  houses  are  buih  of  mud  or  brick,  and  roofed 

^         widi  thatch.     In  the  towns,  they  are  built  of  brick,  and  roofed 
wiA  flat  tiles,  which  at  least  have  a  better  appearance  than  those 
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used  in  Scotland,  but  they  require  the  roof  to  be  covered  with 
deal,  the  same  as  in  the  case  of  dates.  Nothing  is  more  ;^eeft* 
ble  than  the  internal  appearance  of  these  houses  \  every  where 
there  is  exhibited,  as  in  Holland,  an  exact  attention  to  cleanliness ; 
but  the  means  employed  for  attaining  this  is  far  fixxn  being  agree* 
able  to  strangers.  Several  large  tubs  ci  cold  water  are  emptied 
in  each  apartment,  and  when  every  part  has  been  well  scrubbed 
with  a  birchen  broom,  the  remaining  water  is  swept  out  by  the 
door,  and  in  this  state  it  is  left  to  dry,  which,  in  this  climate,  is  a 
very  slow  process.  This  deluging  operation  is  of  perpetual  re- 
cun-ence,  and  hence  those  who  are  not  completely  accustomed  to 
this  moist  manner  of  life,  are  continually  exposed  to  attacks  of 
rheumatism,  toothach,  8z;c. 

Occasional  inundations  from  heavy  faUs  of  rain  are  liable  to 
take  place,  and  whan  the  water  is  nearly  evaporated,  there  are 
elicited  vapours  of  a  very  noxious  quali^.  Notwithstanding  the 
numerous  canals,  &£c.  there  still  exist  some  marshes,  and  in  hot 
weather  their  effluvia  are  very  pernicious.  Some  of  these  marsb- 
es  are  farmed  by  digging  peat,  and  day  to  make  bricks ;  others 
have  existed  frcvn  time  immemwial.  At  each  fanx>-house  there 
is  a  pond  of  no  small  ext^it,  to  receive  the  fluid  particf  the  dun^ 
hills,  &c.  These  are  of  a  greenish  or  reddish  brown  cokmr,  and 
in  autumn  give  out  a  most  abominable  odour.  Strange  as  it  may 
appear,  however,  almost  every  farmer  sends  his  catde  to  drink  out  * 
01  these  ponds,  and  even  thie  animals  themselves  seem  to  prefer 
this  fluid  (for  water  it  cannot  be  called)  to  the  water  of  the  canals 
and  ditches.  It  must  be  admitted,  that  there  are  no  direct  proofe 
of  the  use  of  this  fluid  as  drink,  being  prejudicial,  and  one  tfaiu^  ift 
certain,  that  these  ponds  must  be  almost,  if  not  altogether  free,  of 
insects  and  animalcule,  which  literally  swarm  every  where  else, 
whether  in  air,  earth,  or  water. 

The  immense  quantity  of  small  animals  of  one  kind  and  anoth- 
er, that  are  to  be  seen  in  and  about  the  canals,  ditches,  and  fields, 
enables  us  to  account  for  no  small  portion  of  the  decayed  animal 
matter  that  is  so  abundandy  mixed  with  the  soil.  Frogs  are  very 
abundant,  but  though  they  are  regularly  brought  to  the  market  in 
Brussels,  I  never  saw  or  could  hear  of  their  being  used  as  food  in 
this  country.  At  some  places  leeches  are  bred  in  the  marshes, 
and  during  tlie  war,  a  great  deal  of  money  was  made  by  the  sale 
of  them.  A  common  mode  of  collecting  these  animals  deserves 
to  be  noticed,  as  it  explains  a  fact  which  has  often  caused  sus- 
picion and  blame  to  attach  to  upright  leedi-dealers  in  the  interior, 
and  in  Scodand  not*  less  than  elsewhere.  A  number  of  persons^ 
commonly  young  women,  are  employed  to  wade  in  the  water 
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with  their  feet  and  legs  uncovered)  and  when  they  come  out  after 
a  short  staj,  diese  parts  of  their  body  are  found  covered  with 
leeches,  which  are  then  removed  and  secured  in  vessels  {Kovided 
for  their  reception.  This  operation  they  repeat  as  often  as  may 
be  requisite  for  obtaining  the  desired  quantity,  and,  far  from  soar- 
ing any  injury  from  the  loss  of  blood,  these  Flemish  water  nymphs 
inlormed  me  that  their  health  was  always  improved  by  it  at,  the 
time ;  that  their  con^Iexions  became  clearer,  and  that  afterwards 
they  got  more  into  a  state  of  «f7i  bon  point,  it  must  be  obvious, 
that  leeches,  caught  in  this  manner,  must  acquire  a  small  quanti- 
ty of  blood,  but  when  afterwards  they  are  sold  for  use,  and  when 
some  of  this  blood,  still  remaining,  happens  to  be  ejected  on  the 
af^cation  of  the  animal,  it  is  Ibrtliwith  taken  for  granted,  that  the 
dealer  has  acted  dishonestly  in  selling  used  leeches  for  fresh  ones* 

Hares,  partridges,  and  snipes,  are  m  great  plenty.  Quails  were 
once  common,  but  are  now  become  exceedingly  rare.  In  the 
river  are  trout,  which  1  have  seen  from  two  to  three  pounds  weight, 
but  th^  flesh  is  not  delicate,  approaching  somewhat  to  that  of  the 
(ftke,  which  is,  no  doubt,  owing  to  the  gross  slimy  quality  of  the 
water.  Artificial  flies  for  the  purpose  of  fishing  are  here  unknown  ; 
— an  excellent  proof  this  that  necessity  is  the  mother  of  mvention, 
£br  here  artificial  flies  are  unnecessary.  At  almost  every  step 
akxig  the  river  is  to  be  found  the  fly  most  proper  for  ensnaring  the 
trout,  and  as  it  is  neither  small  nof  delicate,  and  as  the  river  moves 
ak>wly,  it  is  not  soon  torn  fixMn  the  hook.  The  fly  is  often  seen 
to  rest  on  and  float  down  the  stream  when  seized  by  the  fish,  and 
the  fisher  has  only  to  imitate  this  dull  operation.  In  the  canals  and 
ditches  are  pike,  and  an  abundance  of  perch  and  other  small  fish. 
I  have  been  infonned  that,  about  twen^  years  ago,  a  pike  was 
killed  of  the  enormous  weight  of  thirty-two  pounds  ;  no  one  seem- 
ed to  doubt  the  fact,  but  I  have  met  with  no  one  who  had  himself 
seen  such  a  fish. 

The  canals  and  ditches,  from  time  to  time,  become  more  or  Ies» 
choked,  from  the  continual  deposition  of  alluvial  matter,  and,  when 
cleared  out  by  the  workmen,  the  matter  ejected  yields  a  most  un- 
supp(Ntable  odour.  As  the  riches  of  the  country  depend  on  the 
keeping  of  these  canals  in  repair,  they  are  cleaned  out  at  least  once 
every  two  years,  besides  other  occasional  repairs ;  and  there  is  a 
class  of  woriunen  who  nearly  confine  themselves  to  this  particular 
occnipation,  which  is  4ione  of  the  most  healthy.  It  is  in  autumn, 
winter,  and  sjHing,  that  these  operations  are  carried  forward,  and 
the  matter  ejected  is  spread  over  the  fields  as  manure.  Nothing 
of  the  kind  can  be  more  ofiensive  to  the  smell,  and  few  more 
pemiaous  to  the  health,  than  the  vapour  which  continues  for  a 
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long  time  to  exhale  fixxn  iu  Still,  if  we  suppose  a  foreign  army 
to  take  possession  of  tiiis  countiy,  it  would  be  of  the  first  import*^ 
ance  to  protect  the  inhabitantSy  and  give  every  possible  encour*- 
lament  to  the  regular  esteeutioo  of  these  works,  otiierwise  they 
would  soon  and  dearly  pay  for  their  imprudent  conduct 

On  the  sea-shore  the  inhabitants  are,  in  general,  more  healthy 
dian  in  the  interior ;  but  when  the  sea  happens  to  break  over  the 
dikes,  and  the  water  Afterwards  comes  to  be  evaporated,  exhala*- 
ticMis  of  an  extremely  pernicious  quality  are  elicited,  and  which 
cause  fevers  of  the  very  worst  kind. 

Intermittent  fevers  are  not  so  frequent  here  as  on  the  coast  of 
France,  in  the  vicinity  of  Rochfort  In  this  country  the  ditches 
are  less  frequently  dry,  the  temperature  being  considerably  lower, 
and  the  air  in  common  much  damper,  the-  evaporation  is  much 
less  active.  The  adult  inhabitants  are  but  litde  subject  to  the  at- 
tacks of  the  endemic  fevers,  but  children  and  strangers  rarely  es- 
cape. They  are  conunonly  attacked  in  autumn  ;  at  first  it  ap» 
pears  under  the  form  of  a  tertian,  afierwards  it  changes  to  a 
quartan,  and  about  January,  some  change  to  tripple  quartans,  and 
instances  to  quotidians.  From  the  middle  of  April  to  the  middle 
of  May,  these  fevers,  when  not  interfered  with  by  medical  treat- 
ment, cease  of  themselves.  The  patients,  however,  are  liable 
to  a  recurrence  of  the  disorder  in  the  course  of  the  ensuing  sum- 
mer ;  and  nothing  is  more  common  than  to  see  children  who  have 
had  the  fever  hanging  about  them  for  two  or  three  years  in  suc- 
cession, during  which  time  they  preserve  their  appetite,  and  even 
eat  more  than  when  in  perfect  health.  It  is  not  customary  to  treat 
this  disease  medically  in  the  case  of  children,  and  accidents  are 
rare.  When  a  child  has  once  had  and  got  quit  of  the  fever,  he  is 
thereby  acclimate^  or  rendered  less  liable  to  suffer  fi^m  the  climate 
in  the  after  period  of  his  life,  if  he  be  not  much  exposed  to  the 
exciting  cause,  such  as  digging  the  ditches.  Of  aU  others,  the 
men  who  mow  the  hay  sutot  most ;  the  ditchers  are  aJl  natives, 
but  the  hay*makers  come  from  a  different  and  higher  part  of  the 
country,  being  allured  by  the  love  of  gain.  As  they  always  work 
at  what  is  termed  piece-work,  their  exertions  are  great,  and  as  the 
hay  falls,  the  dank  surface  of  the  soil,  consistmg  of  the  half  de- 
composed ejectment  from  the  diches,  is  exposed  to  the  direct  rays 
of  the  sun  :  Hence  it  happens  that  the  noxious  vapour  arises  most 
abundandy  at  a  time  when  the  men  are  exhausted  with  labour, 
and  consequendy  when  the  system  is  least  able  to  resist  its  in- 
fluence. These  labourers  contract  complicated  tertians,  and,  in 
the  language  of  the  country,  are  said  to  have  '^  swallowed  thejroff 
in  Flanders  J*^    The  patient  experiences  a  feeling  of  great  debili« 
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ty ;  tbe  secretioiis  seem  almost  suspended ;  the  reqpiratioii  19 
^w  and  oppressed ;  and  the  surface  oS  the  body  assumes  a  lead* 
en  colour.  The  first  care  of  these  unibrtunate  persons  is  to  quit 
the  marshy-  countiy,  and  when  they  get  home,  and  are  properly  at^ 
tended  to,  they  often  recover,  though  some  occasionally  sink  imder 
various  supervening  complications. 

Upon  the  whole,  this  is  a  very  rich  and  populous  country,  an& 
in  several  reqpects,  very  highly  interesting ;  but  it  is  neither  very 
agreeable  nor  very  healthy,  especially  to  strangers,  as  a  place  of 
residence.  Catarrh  and  rheumatism  are  frequent  in  autumn  and 
spring.  In  summer  diarrhcea,  verging  to  dysentery,  is  not  unfre- 
quent.  In  the  towns,  chronic  c^hthalmia  is  pretty  common,  and 
mere  appears  to  be  an  unusual  {Hrqportion  of  halt  and  lame,  and 
Aat  apparently  fit>m  their  youth. 


Art.  XXVI.  Essay  on  Calico-printing.    [Parked  Chemical  E$^ 
says.'] 

As  the  whole  of  this  ingenious  business,  as  it  is  now  conducted, 

depends  upon  tlie  proper  application  of  a  few  compounds  called 

a  mordants,  it  will  be  necessary,  in  the  first  place,  to  explain  their 

nature  and  uses.     In  doing  this,  one  or  two  preliminary  remarks 

will  assist  us. 

The  colouring  substances  chiefly  employed  in  this  art,  are  divid- 
ed into  two  classes,  viz.  svbstaniive  and  adjective.  A  substan- 
tive colour  b  one  which  is  capable  of  itself  of  producing  a  per- 
manent dye  ;  such  is  the  juice  of  the  buccmum,*  used  by  the 
ancients  for  producing  the  imperial  purple ;  such  are  also  the 
woad  and  indigof  employed  by  the  modems  for  producing  a  per- 
manent blue ;  and  we  may  add  the  metallic  solutions,  particularly 
those  of  iron,  cobalt,  gold,  platinum,  and  ^ver,  which  ^ve  va- 
rious colours,  according  to  the  processes  by  which  they  are  pre- 
pared. 

By  ADJECTIVE  colours  are  meant  all  those  which  are  incapable 
of  giving  permanent  dyes  without  the  aid  of  certain  mtermedia, 

*  It  has  been  proposed  to  employ  this  valaable  permanent  colour  for  penceling  on 
fine  moiliu.  I  believe  it  mi|fat  readUy  be  procured  in  sofficient  qoantitiee,  and 
would  prove  an  important  addition  to  tne  resources  of  tbe  Britisb  calico-printer. 

f  Dr  Bancroft  tells  us,  that  tbe  first  mention  of  indigo,  as  known  in  England,  is  in 
the  Act  of  the  23d  of  Queen  Elizabeth,  chap.  9,.  where  it  is  o«U^  4fwU^  Qt  JBlut 
Mnde,    Bancroft  OnftrwumtrU  Cokmrs,  page  13S. 

Bast  Jour.  Jan.  Sf  Feb.  1826.        30 


I 

3S4  On  Calico-jfriiUing* 

which  form  as  it  were   a  bood  of  union  between  them  and  the 
substances  intended  to  be  dyed. 

These  intermedia  are  what  are  known  by  the  term  mordants, 
and  they,  are  used  for  this  purpose  in  very  considerable  quantides 
by  the  calico-printer  of  the  present  day. 

"  The  ancient  Gauls  and  Britons  were  not  ignorant  of  tiie  meth- 
C^  of  imparting  various  dyes  by  means  of  substantive  colours  ;  we 
have  even  direct  evidence  tliat  they  excelled  in  some  branches  of 
this  art,  and  possessed  valuable  secrets  in  it  tliat  were  unknown 
to.other  nadons.  Several  of  the  herbs  which  die  Gauls  and  Brit- 
ons used  in  dyeing  are  occasionally  raendoned  by  Plinv,  in  differ- 
ent places  ;  but  the  herb  which  they  chiefly  used  for  uiis  purpose 
was  the  glastum  or  woady  the  isatis  of  Linnaeus ;  and  tliey  seem 
to  have  been  led  to  die  discovery  of  its  valuable  properdes  in 
dyeing  clodi,  from  the  former  use  of  it  in  painting  and  staining 
their  bodies."* 

Several  expedients  were  also  employed  by  the  ancients  to  pro- 
duce fast  or,  more  properly,  permanent  colours,  by  means  of  inor- 
dants,  as  appears  from  the  testimony  of  Aristode  and  Pliny.  The 
chief  articles  in  use  at  present  in  Great  Britain,  arc  die  acetate  of 
iron,  the  acetate  of  alumina,  and  die  various  solutions  of  tin,  all 
of  which  should  be  very  carefully  and  correctly  prepared. 

When  piece-goods  are  designed  to  be  dyed  of  one  uniform  ad- 
jective colour,  they  are  first  immersed  in  a  solution  of  one  of  these 
mordants  and  are  then  hung  up  to  dry,  and  to  absorb  die  oxygen  * 
of  the  atmosphere.  When  sufficiendy  exposed  to  die  air,  diey 
are  washed  or  dunged,f  to  remove  the  superfluous  mordant ;  diat 
IS  to  say,  that  part  of  it  which  is  not  chemically  combined  widi  the 
cloth  ;  and  the  pieces  are  then  submitted  to  a  badi  of  that  parti- 
cular kind  of  colouring  matter  which  is  to  be  imparted  to  them. 

It  may  here  be  remarked,  that  if  a  sufl5cient  number  of  colour- 
ing substances  should  ever  be  discovered,  that  have  no  aflinity  for 
any  thing  but  die  chemical  mordants,  tlie  business  of  calico-print- 
ing would  be  rendered  much  more  easy  and  sunple  dian  it  is  at 
present. 

Whenever  it  is  meant  diat  a  colour  should  be  partially  inserted, 
the  mordant  is  applied  to  diose  particular  parts  only ;  so  dial, 
when  the  piece  is  immersed  in  the  colouring  bath,  no  other  place 

•  Henry*s  Hisiory  of  Great  Britain,  8vo.  voL  ii.  page  128. — Pliny's  J^Taturai 
History,  books  16,  18,  21,  and  23. 

t  The  dung  of  the  cow  is  usad  in  such  large  quaniitics  by  the  calico-printer,  that 
it  has  become  an  article  of  great  expense.  Tlie  proportion  that  is  employed  ts 
ssually  about  one  ba«hel  to  one  hundred  gallons  of  water,  though  frequently  a  larger 
proportion  would  be  more  e£^ctaal.  The  brightness  of  the  coloure,  and  the  punty 
ef  the  whites,  are  always  dependent  upon  the  quantity  of  the  dung  employed. 
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will  receive  the  permanent  stain.  For  though  the  whole  surface 
of  the  cloth  will  be  coloured,  yet  having  in  itself  no  afiinity  with 
tiie  vegetable  with  which  the  decoction  is  imjM'egnated}  the  whole 
of  the  colouring  matter  wiB  be  easily  removed  by  exposure  to 
the  air,  and  the  groimd  of  the  piece  restored  to  its  original  white- 
ness ;  while  those  parts  to  which  the  mordant  was  applied,  wiH 
retain  and  fix  the  colours  in  a  way  which  will  be  more  fully  ex- 
plained hereafter. 

Formerly  all  calico-printers  were  bleachers  ;  but  in  the  neigh- 
bourhood of  Liondon  these  are  separate  and  distinct  trades,  and 
the  printer  either  purchases  bleached  soods  for  printing  on  his  own 
private  account,  or  receives  die  cloth  from  his  customers  in  a  white 
state ;  and,  when  printed,  he  returns  the  identical  pieces,  and  is 
paid  so  much  per  yard,  according  to  the  number  of  cdours,  for 
printing  them. 

Chloride  or  oxymuriate  of  lime  is  the  agent  generally  employed 
in  bleaching ;  but  it  appears  to  me  that  some  other  article  might 
be  introduced  with  advantage.  For,  as  the  goods  are  washed  in 
diluted  sulphuric  acid  when  they  are  taken  from  the  oxymuriate 
of  lime,  a  sulphate  of  lime  is  always  formed,  which  becomes  fix- 
ed in  tiie  fabric,  and,  acting  as  a  mordant  when  the  pieces 
come  into  the  madder  copper,  occasions  an  indelible  stain,  which 
in  veiy  fine  goods  often  impairs  their  beauty.  If  oxjrmuriate  of 
^  soda  were  employed,  the  sulphuric  acid  would  form  a  soluble 
salt  with  the  soda,  easily  removeable  by' washing.  The  expense 
of  this  article  will,  however,  be  always  an  objection  to  its  use,  ex- 
cept for  rich  and  valuable  prints. 

i  am  aware  that  some  printers,  who  are  more  anxious  about 
the  quantity  than  the  quality  of  the  work  they  perform,  would  de- 
ride this  caution,  and  say  they  can  obviate  the  difficulty  by  wash- 
ing the  goods  before  they  are  submitted  to  the  sulphuric  acid. 
But  I  am  so  conndent  of  the  extreme  difficulty  there  is,  even  in 
this  way  of  removing  the  ox3rmuriate  of  lime,  tiiat  I  know  the  in- 
conveniences above  mentioned  will  very  often  occur,  almost  inevi- 
tably. 

In  my  opinion  every  printer  should  bleach  his  own  goods,  for  it 
is  imposable  always  to  rely  with  confidence  on  the  care  of  those 
who  bleach  for  hire  ;  and  every  printer  knows  that  good  bleach- 
ing is  absolutely  a  necessary  preliminary  in  the  production  of  good 
printing.  Indeed,  this  is  now  pretty  generally  acknowledged  in 
the  north  of  Elngland  ;  for  most  of  the  opulent  houses  in  Lanca- 
ishire  and  in  Scotland,  who  produce  fine  work,  are  bleachers  as 
well  as  printers. 

No  people  have  taken  more  pains  to  excel  in  bleaching  than  the 
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Irish,  and  their  credit  is  established  ftccordingly.  The  GermaD 
linen  is,  I  believe,  generaUy  better  than  dieirs  ; '  but  the  Iriah  haa 
ahrays  the  preference  in  foreign  markets,  owing  to  the  snperioritjr 
ol  the  Irish  in  bleaching  and  finishing.       I 

By  whatever  means  the  bleaching  is  performed,  the  printer 
commences  Ins  part  of  the  business  in  the  following  manner. 

The  goods  ere  first  dressed  by  fflnging  off  the  whole  of  tho 
nap  which  is  attached  to  them.  This  is  eifected  by  the  fdlowing 
Contrivance  :  Ten  pieces  are  generally  wired  together,  and  wound 
Upon  a  roller,  fixrni  whence  they  are  passed  over  a  hot  iron,  near« 
Jy  in  the  form  of  half  a  cylinder,  and  received  upon  anodier  roll* 
er  ;  firora  thence  they  are  returned  to  the  iron,  which  is  still  kept 
red  or  nearty  at  a  white  heat.  T^e  use  of  repeating  dns  process 
is  to  remove  the  nap  more  eflSsctually  than  it  would  be  done  by 
passing  it  only  once  over. 

The  next  operation  is  that  of  steepikg,  which  consists  merely 
in  soaking  the  pieces  for  twenty^four  hours  in  a  vessel  of  weak  al» 
kaline  lye,  at  a  temperature  of  about  100^.  These  operations  of 
singing  and  stee]f>ing  are  going  on  at  one  and  the  same  time, 
which  ef^tuaUy  prevents  any  accident  that  might  otherwise  arise 
fipom  the  efi^ts  of  the  hot  iron. 

The  goods  are  then  boiled  or  else  bowked  in  a  solnlion  of  pot>* 
ish ;  (some  wc»4anen  prefer  to  have  diis  alkali  in  a  pure  caustic 
state  ;)  they  are  then  weU  cleansed,  by  thorough  washing  in  wash- 
wheels,  or  in  stocks,  to  ensure  their  bang  entirely  divested  of  the 
alkali.  The  intention  of  thus  treating  them  with  potash,  is  to  re- 
move any  grease  or  impurity  that  may  be  attached  to  diem,  which 
would  otherwise  endanger  tiie  evenness  and  tuiif<Mtnity  of  die  c<d- 
oiu^.    This  process  is  called  asoing. 

By  some  obsenrant  calico^rinters  it  has  been  imagined,  that 
the  rendering  the  lye  caustic  is  apt  to  impair  the  textsffe  of  the 
cloth ;  and  I  doubt  not  but  that  this  has  often  been  the  case.  Uii^ 
der  the  eye  of  the  master,  however,  I  am  sure  it  mi^t  be  em** 
pbyed  with  advantage  and  safety.  With  advantc^e,  because 
mUd  alkali  has  but  a  slight  afiinity  for  the  grease ;  whereas  con^ 
tie  alkdU  forms  a  real  soap  with  any  deaginous  matter,  and  then 
the  compound  is  readily  soluble  in  water.  And  though  die  alka- 
li be  made  perfectly  caustic,  if  the  scdution  be  suffidendy  diluted, 
it  may  be  used  with  perfect  safety. 

It  may  be  remarked,  that  in  weaving  calicoes  the  workman 
generally  greases  the  reeds,  in  order  to  make  them  move  easier. 
Whenever  this  grease  is  in  the  cbth,  it  becomes  fixed  by  the  ope- 
ration of  singing  ;  and  if  it  be  not  taken  out  before  bleadiing,  it 
will  net  come  out  afterwards  by  the  usual  proeeas  of  ashiiq^  md 
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souring  ;  for,  when  the  iHeces  are  submitted  to  a  blue  vat  to  be 
dyed  of  a  uniform  sdf«coiour,  all  those  greasy  places  will  be  found 
to  have  tidcen  the  dye  in  a  very  imperfect  manner.  Tallow  is  al- 
so employed  in  dressing  the  warp^  and  this  has  a  baneiiil  effect  on 
all  goods  which  are  designed  for  {Nrinting. 

If,  however,  the  calico-manufaoturers  themselves  would  make 
ft  point  of  preparing  the  oleaginous  matter  for  the  weavers,  and 
would  furnish  them  with  nothing  but  pure  vegbtablk  ou«s,  such 
as  those  of  rape,  linseed,  Sic.,  I  think  it  very  likely  that  these  in* 
eonveniences  wcmld  not  occur  ;  because  the  stain  from  vegetable 
is  not  so  indeHUe  as  that  bom  animal  oil. 

This  defect  in  the  operation  of  the  pale  blue  dip{Hog  is  often  at- 
tended widi  very  serious  consequences,  so  that  I  know  of  no  sub* 
ject  which  better .  deserves  the  patient  investigalion  of  the  calico- 
printer.  I  have  seen  a  large  number  of  pieces  of  printed  calicoes 
which  had  all  taken  a  solution  of  ircMi  so  as  to  form  an  extremelv 
good  blade ;  also  the  acetate  of  alumina,  which  had  fonned  wim 
Sie  madder  a  beautiful  red ;  likewise  the  citric  acid,  which  produ*- 
ced  a  perfect  resist — end  yet,  when  these  goods  came  into  the  blue 
vat;  certain  parts  of  the  pattern  intended  for  blue,  still  remained 
quite  white,  the  indigo  having  had  no  actk)n  whatever  on  those 
parts;  acircumstance  which  is  sufficient  of  itself  to  spoil  the  goods, 
and  render  the  whole  expense  of  printmg  the  other  colours  totally 
lost. 

To  cleanse  such  goods  previously  to  their  being  printed,  various 
eoqpedaents  have  been  adopted,  but  I  apprehend  nothing  but  a  so- 
faition  of  causdc  alkali  can  be  depended  upon.  To  prove  the  effect 
of  any  method  which  may  be  tried,  it  is  a  good  way  to  run  the 
jueces  through  water,  and  th^i  to  pass  them  from  the  water  so 
gradually  over  a  roller,  as  to  give  the  sup^intendant  an  opportu- 
01^  of  examining  eveiy  inch  of  the  surface ;  and  if  any  part  re- 
mans greasy,  it  wiU  be  se^  at  once,  for  that  part  will  continue 
diT,  while  fdl  the  rest  of  die  doth  is  wet* 

There  is  another  way  m  which  the  goodness  of  bleaching  might 
-be  proved*  Let  a  few  of  the  suspected  pieces  be  ruii  once  or 
twice  through  a  madder-copper,  at  the  temperature  of  about  180^. 
This  will  inevitably  mark  any  part  that  may  be  imperfecdy  bleachr 
ed ;  whereas,  if  die  operation  has  been  pnmerly  performed,  they 
?rill  come  out  so  litde  stained,  that  an  inteUigent  workman,  who 
has  been  used  to  a  madder  <^pper,  will  at  once  be  satisfied  that 
they  contain  no  inqiunty  that  can  form  a  permanent  mordant. 

The  next  process  in  oalico-printin^  is  one  with  diluted  sulphu- 
fie  add.  A  quantity  of  soft  water  havmg  been  poured  into  a  lead- 
Tesael,  oil  of  vitriol  is  gradually  added  to  it,  in  the  proportion 
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of  about  twenty  pounds  of  oil  of  vidrkd  to  every  hundred  gallons  of 
water,  which  by  weight  is  in  the  proportion  of  about  one  to  forty. 

When  this  mixture  has  been  well  stirred,  it  is  ready  for  use. 
Sometimes  it  is  employed  in  this  state,  at  others  it  is  heated  to 
90^  or  upwards  of  Fahrenheit,  according  to  die  nature  of  the 
work  to  be  done,  and  the  goods  are  immersed  in  it.  They  are 
not  suffered  to  lie  in  this  acidulous  liquor,  but  are  wound  fay  mewis 
of  a  winch  over  a  wooden  cylinder,  that  every  part  of  the  ckth 
may  be  successively  immersed  in  the  fluid,  and  every  part  expo»* 
ed  alternately  to  tiie  action  of  the  atmosphere. 

This  operation  is  generally  ccmtinued  for  about  twenty  minutest 
and  is  designed  to  remove  any  iron-moulds  or  other  stains  which 
the  cloth  may  have  acquired.  It  has  also  the  efiect  of  neutraKzii^ 
any  portion  of  potash  tiiat  may  have  been  left  in  contact  with  the 
cloth.    The  process  is  called  souring. 

After  this  operation  it  is  necessary  to  wash  the  goods  tfaorou^* 
ly,  that  no  part  of  the  acid  may  be  left  in  them,  to  injure  their  tex- 
ture ;  and  this  is  best  effected  by  means  of  the  wash-wheel.  The 
calicoes  are  then  to  be  regularly  and  thoroughly  dried,  which  fin- 
ishes these  preUmioary  operations,  known  in  the  trade  by  the  term 
PREPARATION  ;  SO  that  those  cloths  which  ha?e  passed  throug^i 
these  manipulations  are  said  to  have  undergone  a  preparation. 

Besides  the  uses  already  mentioned,  there  is  another  advantage 
attending  these  processes,  viz.  that  the  cloth  which  has  undergcme 
this  preparation  will  bleach  sooner,  the  cokxirs  will  be  brighter, 
and  the  whites  more  delicate,  tiian  they  would  have  been  had 
they  not  gone  through  these  previous  operations. 

The  next  process  is  that  of  calbnperino.  Here  the  goods 
are  passed  through  a  set  of  rollers,  which  gives  them  a  gk)ss,  and 
the  appearance  of  their  having  been  ironed.  They  are  now  6t 
for  printing.  But  for  copper-plate  printing,  or  cylinder  work, 
the  process  of  calendering  is  omitted. 

In  printing  fast  colours,  the  artist  usually  proceeds  in  this  way : 
He  lays  the  piece  of  calico,  which  has  been  already  smoothed  by 
calendering,  upon  a  strong  thick  table,  which  is  [»reviously  cover- 
ed with  a  woollen  cloth.  He  then  proceeds  to  apply  one  or  more 
mordants,  as  the  case  may  require,  for  fixing  the  intended  colours. 
These  mordants  are  applied  by  means  of  wooden  blocks,  with  the 
patterns  formed  upon  them.  These  blocks  were  formerly  chosen 
of  hoUy,  or  other  hard  wood,  and  the  cutting  them  was  a  separate 
branch  of  the  business.  Of  late  years,  however,  a  considend>le 
improvement  has  been  made  in  this  department,  by  the  introduc- 
tion of  brass  or  copper  ;  that  is,  the  pattern,  instead  of  being  ac- 
tually cut  m  the  wood,  is  now  formed  by  means  of  slender  pieces 
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of  QDe  of  those  metals  bekig  firnily  fixed  to  Ae  block,  so  as  to 
produce  the  pattern  intended.  This  alteration  was  occasioned 
by  the  perishaUe  nature  of  wood,  on  account  of  which  every  prin- 
ter has  incurred  great  and  unnecessary  expense.  The  pattern 
when  thus  fonned  with  copper,  is  not  only  more  lasting,  but  it  has 
also  the  advantage  of  giving  greater  sharpness  and  beauty  td  the 
impression. 

When  it  was  customaty  to  use  wooden  blocks,  the  patterns  were 
not  enchased  in  the  wood,  but  the  wood  was  cut  away  m  such  a 
manner  as  to  leave  die  pattern  in  relief.  It  will  be  obvious  that 
this  must  always  be  the  case  in  UocAr-printing. 

When  the  mordant  is  ready,  it  is  mixed  up  either  with  flour- 
paste,  or  with  a  thick  acqueous  solution  of  gum  arabic,  gum  Sene- 
gal, or  gum  tragacanth. 

Flour  is  an  article  of  considerable  consumption  with  the  printers 
for  making  paste.  Some  houses  buy  twenty  barrels  of  American 
flour  at  once.  Should  it  be  musty  or  sour  from  keeping,  it  is  of 
little  consequence  for  their  use  ;  but  they  are  careful  to  buy  none 
but  such  as  has  been  made  with  sound  wheat,  for  if  unsound  it 
will -be  of  no  value  for  their  purposes.  Gum  tragacanth  is  much 
dearer  than  ike  other  sums  ;  but  notwithstanding  this,  it  must  be 
had  for  some  styles  of  work,  as  no  other  will  answer  for  any  of 
diose  cofours  or  mordants  winch  are  prepared  with  nitrous  acid. 
A  sdution  of  gum  Senegal  would  be  coagulated  in  an  instant  by 
any  of  those  preparatbns.  Of  late  years  an  article  called  British 
gum  has  also  been  much  in  use  for  the  same  purpose  ;  so  much 
so  that  the  making  of  it  has  become  a  distinct  and  considerable 
trade.  It  is  merely  cotnmon  starch  calcined  tilt  it  assumes  a 
cinnamon  brown  colour,  and  then  pulverized  and  passed  through 
^ves  of  various  degrees  of  fineness. 

When  the  colour  has  been  properly  mixed  with  flour  paste,  or 
mth  a  solution  of  either  of  the  gums  above  mentioned,  it  is  then 
^read  upon  a  piece  of  superfine  woollen  cloth,  strained  tight 
upon  a  hoop. 

This  is  j^aced  within  another  hoop,  covered  either  with  sheep- 
skin or  oilnJodi.  These  hoops  are  both  so  broad  as  to  give  to 
each  of  them  the  appearance  of  a  tambamne.  That  which  is  cov- 
ered with  die  woollen  cloth  is  called  a  sieve^  the  other  a  case.  The 
sieve  within  its  case  is  now  placed  in  a  small  tub  of  gum-water, 
and  is  ready  for  use. 

MThen  the  apparatus  is  thus  prepared,  the  mordant  is  applied 
hj  a  brush  to  the  surface  of  the  sieve.     This  is  called  teering. 

It  should  have  been  remarked,  that  when  a  colourless  mordant, 
like  the  acetate  of  alumina,  is  employed,  the  workman  generally 
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mixes  a  little  of  the  decoctioo  of  Brasul  wood,  or  of  any  other  fu- 
^ve  dye,  ivith  it.  This  is  called  aionxj&NiNG  ;  and  is  for  the 
piurpoBe  of  oiaking  the  patt^Ti  more  obvious  to  the  workman,  that 
fie  may  see  its  progpiiess,  and  tl^  efficacy  of  the  materials,  as  he 
proceeds  ia  priotiiig.    The  maaipulaticia  may  be  thus  dei9cribed« 

Taking  the  block  containing  the  pattern  in  one  hand,  the  work- 
man applies  it  gently  to  die  surface  of  the  sieve,  so  that  a  su^ 
cient  quantity  of  the  thickened  mordant  may  adhere  to  the  figures. 
Wheo  the  bkx^k  is  thus  charged^  he  applies  it  to  the  calico,  and 
gives  it  a  blow  with  a  small  mallet,  either  sUghdy  or  otherwise^ 
according  to  the  naiure  of  the  pattern. 

This  altemate  applicatkm  oi  the  bUKk  to  the  sieve  and  to  the 
calico,  is  continued  until  the  workman  has  gone  over  the  whole 
piece.  In  thb  way  several  different  mordants  are  sometimes  appUed 
to  the  same  pece  of  goods.  This  is  indeed  always  necessary,  when 
the  finished  piece  is  intended  to  contain  a.  variety  of  colours,  th^ 
difierent  colours  requiring  difierent  morSants  tofik  .them  and  ren- 
der them  permanent. 

The  calico  is  now  removed  to  a  room  called  the  stove,  wheie 
a  certain  degree  of  heat  is  given  to  it  by  means  of  fluesi  which 
go  round  the  room  on  the  inside,  near  the  floor.  In  this  room  it 
is  generally  continued  for  at  least  twenty-four  hours.^  The  in- 
tention of  this  is  to  evaporate  the  acids  used  in  the  preparation  of 
the  mordants,  and  which  might  otherwise  iiyure  the  tejtture,  and 
also  to  fix  the  base  more  surely  within  the  fibres  of  the  cloth* 

Whenever  acetate  of  akunioa  is  printed  as  a  mordant  upon  cali- 
co, it  appears  to  me  that  the  pieces  aught  not  to  gp  into  the  stove 
until  the  woric  has  been  first  thorougUy  dried  in  the  open  air,  be- 
cause it  is  well  known  that  the  earth  of  alumina  is  precipitated 
from  a  solution  of  this  salt  in  a  high  temperature.  I  suspect  tftis 
to  be  the  cause  of  many  of  those  disappointments  which  are  perr 
petually  occurring  in  the  producti(m  of  the  various  shades  of  yel- 
low and  madder  reds* 

In  the  operation  of  stoving,  an  attention  to  tempeafnture  is  of  the 
utmost  importance.  In  general  the  room,  is  kept  at  aboitt  90^  ; 
but  an  intelligent  calico-printer  varies  this  acoormng  to  the  nature 
of  the  work  under  operation. 

It  was  formerly  a  practice  to  expose  aU  those  caKooes  wbieh 
were  printed  with  the  several  monkmls,  toa  hot  stove  far  the  pur- 
pose of  evaporating  the  acids  and  fixing  the  base  with  more  cear- 
tainQr  in  the  fibres  of  the  cloth  $  butoflate  years  a  mete  oonve- 

*  This  is  wteo  conmon  iied-li<iiior  has  akuie  boes  priBtfd ;  but  if  eilrio  acid 
or  strong  muriate  of  tin  has  been  employed,  iess  time  is  sufficient,  and  fot  the  laoer 
SM^Mnm  more  than  half  an  hour  is  aliowed. 
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fdent  method  has  been  adopted,  which  consnsis  in  pasang  die  cal- 
icoes by  means  of  machineiy  along  a  set  of  apparatus  known  by 
the  name  of  steam^chests.  These  are  large  square  cast-iron  ves- 
sels fixed  at  some  litde  distance  from  each  other,  sometimes  on  an 
mclined  plane,  and  in  other  cases  perpendicularly  one  above  the 
other  ;  these  are  kept  constantly  foil  of  steam,  and  are  connected 
vrith  each  other  by  bent  pipes  either  of  iron  or  lead.  It  is  so  con- 
trived that  the  pieces  of  calico  are  made  to  pass  over  each  of  di^se 
heated  chests  m  contact  with  their  surfaces  ;  and  in  consequence 
of  the  access  of  atmospheric  air,  as  they  pass  from  one  of  these 
chests  to  the  other,  they  are  generally  fbund  to  have  become 
thoroughly  dried  by  the  time  they  have  arrived  at  the  end  of  the 
series.  A  better  apparatus  has  however  been  lately  invented, 
consisting  of  an  arrangement  of  cylinders  made  of  tinned  iron  or 
copper  fiQed  widi  steam,  and  round  winch  the  calico  is  made  to 
pass  m  succession.  In  this  apparatus  there  is  a  vane  fixed  under- 
neath every  two  of  these  cylinders,  which  is  moved  by  means  of 
tfie  steam-engine,  and  agitates  the  air  so  as  very  much  to  facilitate 
the  drying  process.  This  mode  of  drying  printed  calicoes  is  so 
eflfectual,  diat  although  the  ck>th  be  wound  from  a  heap  at  one  ex- 
tremity of  die  apparatus  upon  the  first  cylinder  quite  in  a  wet 
state,  it  becomes  thorougfahr  dry  by  the  time  it  has  passed  over 
the  'whole  apparatus,  and  faUs  ki  a  perfect  state  on  the  heap  at  the 
other  extremity  of  the  apparatus. 

If  iron-liquor  has  been  employed  in  printing  the  goods,  it  is  an 
excellent  practice  to  keep  them  for  several  days  exposed  to  the 
atmos[Aere*  after '  their  removal  firom  the  stove,  as  the  blacks, 
pompadours,  olives,  and  indeed  every  other  colour  prepared 
with  that  metal,  will  increase  b  intensity ;  the  goods  will  clean 
l»etter  in  the  dung-vesseb,  as. will  be  explained  hereafter,  and 
the  colours  wiU  rise  lu^r  and  brighter  when  they  come  into  the 
copper  of  bark  or  madder. 

It  may  be  W(»th  an  experiment  to  discover  whether  the  colours 
containing  flron  would  not  oe  better  if  they  were  sufiered  to  be  only 
a  very  thort  time  in  the  stove,  but  were  hung  up  instead  for  seve- 
ral dajrs,  exposed  to  a  current  of  air  at  die  temperature  of  the  at- 
moqihere  ;  as  the  iron  would  thus  acquire  die  oxygen  slower,  and 
eonsequemly  would  be  fixed  more  firmly  in  the  fibres  of  the  cloth. 

When  the  pieces  have  het&x  properly  stoved,  they  are  passed, 
by  mean9  of  a  winch,  dBXMigh  water  at  various  temperatures,  with 
•  little  cow-dung  mixed  in  it.     The  intention  of  the  dung  is  to  ab- 


*  The  iron  in  an  acetous  solution  is  in  the  state  of  the  black  oxide  ;  but  by  expo- 
•BEe  lo  the  air  it  acqaires  a  ftirther  doae  of  oxygen,  aod  obtiiiit  the  state  or  the  red 
0r  peroxide. 
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sorb  and  remove  that  portion  of  the  mordant  which  is  not  actua% 
combined  widi  the  cloth,  and  which  otherwise  miglu  stain  the 
white  or  unprinted  parts. 

This  part  of  die  business  was  formerly  conducted  in  a  very  un- 
cleanly and  negligent  way  ;  but  of  kte  years  some  printers  have 
incurred  a  considerable  expense  m  the  construction  of  their  dung- 
ing macliines,  with  cocks  for  hot  and  cold  water  attached  to  them, 
and  thermometers  to  regulate  the  temperature^ 

I  suspect,  however,  that  the  dung  of  the  cow  is  serviceable  in 
anotlict  way  besides  tlmt  of  cleansing,^  though  few  printers  may 
be  aware  of  the  nature  of  its  operation.* — It  is  acknowledged  that 
madder,  cochineal,  and  some  odier  dyes,  fHToduce  much  better 
colours  on  woollen  than  on  cotton  cloths,  owing  to  the  former 
being  of  animal,  and  the  latter  of  vegetable  origin.  I  presume, 
therefore,  that  die  dung  imparts  an  animal  matterf  to  tne  fibres 
of  die  cottcHi,  and  diat  this  animal  matter  acts  as  an  addidon- 
al  mordant,  and  thus  more  powerfully  attracts  die  colouring  parti- 
cles of  the  dye,  than  the  mordants  alcme  would  be  capable  of 
doing. 

If  a  piece  of  calico,  prepared  with  the  acetate  of  alumina  be 
divided  into  two  parts,  and  the  superfluous  mordant  removed  from 
die  one  by  cow-dung  and  water,  and  from  the  other  by  water  only, 
at  the  same  temperature,  it  will  be  found,  on  passing  the  two  por- 
tions through  a  decoction  of  weld  or  quercitron  bark,  that  the  yel- 
low will  be  much  more  intense  and  bright  in  that  wliich  has  been 
submitted  to  the  action  of  die  cow-dung» 

Tlie  process  of  dunging  calicoes  is  an  operaticHi  that  varies  in 
time  from  five  to  forty  minutes,  according  to  the  style  of  the  work. 
The  pieces  are  dien  taken  to  die  river  or  wheel,  to  be  more  eflfec- 
tualiy  washed ;  and  after  diis  they  are  passed  through  tepid  wateri 
in  order  that  the  workman  may  be  assured  that  every  impurity  is 
removed. 

His  next  care  is  to  provide  a  copper  boiler  of  pure  cold  water, 
into  which  a  sufficient  quantity  of  madder  is  broken,  and  then  a 
fire  is  lighted  underneath  the  co]4>er.  The  calicoes,  printed  and 
rinsed  as  above,  are  now  put  into  the  boiler,  and  bom  the  time  they 
are  immersed,  the  workman  never  (leases  to  turn  the  winch,  so  as 
to  pass  every  part  of  the  goods  repeatedly  through  the  liquor,  un- 
til the  whole  acquires  a  boiling  heat.    Indeed,  diis  operation  is 

*  To  ektaue  calicoes  by  immersion  in  a  dang-vessel,  may  appear  to  be  a  strange 
phrase  \  bat  as  this  is  the  technical  language  of  the  trade,  no  other  term  could  be 
employed  with  propriety. 

t  BerthoUet,  who  analyzed  the  dong  of  die  cow,  fotmd  in  it «  mibsUBce  pwttkii^ 
of  the  nature  of  animal  biU* 
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sometknes  continued  for  ten  or  fifteen  minuteg  after  the  bath  of 
madder  actually  boils,  when  the  pieces  are  taken  out  and  washed 
thoroughly.  In  most  of  the  large  calico-works,  a  considerable  im- 
provement in  the  method  of  maddering  has  been  adopted.  This 
consists  in  giving  a  perpetual  motion  to  the  calico  by  means  of  the 
steam-engine.  The  ends  of  several  pieces  are  fastened  together, 
and  then  they  are  put  into  constant  motion  tlirough  the  madder- 
vessel,  whereby  the  colours  are  rendered  more  uniform  ;  and  one 
jnan  is  enabled  to  attend  to  three  dyeing-vessels  at  one  time,  whk^h 
is  found  to  be  a  great  economy  of  labour. 

Madder  is  one  of  the  most  valuable  drugs  we  have,  for  a  variety 
of  purposes  in  dyeing  and  calico-printing  :  as  it  is  the  agent  by 
which  the  best  and  most  permanent  blacks  are  produced  ;  also 
the  finest  purples,  and  every  shade  of  red  from  a  pale  pink  to  a 
crimson.  But  perhaps  it  may  not  be  generally  known  that  this 
article  improves  by  age.  For  instance  :  If  a  quantity  of  madder- 
roots  be  ground,  and  then  packed  tight  in  a  cask,  so  as  to  exclude 
the  air,  and  kept  thus  for  six  months,  they  will  dye  a  much  better 
colour,  and  go  much  fiirther,  than  they  would  have  d<»ie  had  these 
roots  been  used  as  soon  as  they  were  ground. 

The  process  which  is  called  maddgrino,  has  the  efiect  of  im- 
parting all  the  requisite  colours  to  the  goods  by  means  of  one  ope- 
ration, whk^  may  be  thus  explained : 

While  one  mordant  precipitates  the  colouring  matter  of  the 
madder  to  a  red,  another  precipitates  a  dififerent  portion  of  it  to  a 
purple,  another  precipitates  it  black,  and  so  of  every  possible  shade, 
from  a  lilac  to  a  black,  and  from  a  pnk  to  a  deep  red. 

If  a  portion  of  weld  or  bark  be  added  to  die  madder,  every 
shade  from  a  brown  to  an  orange  may  be  produced  ;  whereas,  if 
•weld  or  bark  alone  be  employed,  all  coloiffs  between  a  dark  olive 
and  a  bright  lemon  can  be  imparted  to  the  cloth.  These  changes 
are  all  occasi<»ied  by  the  play  of  chemical  affinities,  for  the  knowl- 
edge of  which  we  are  indebted  to  the  improved  state  of  chemical 
science. 

The  only  materials  which  are  employed  by  the  calico-printers 
for  the  production  of  fine  yellow  are  the  quercitron  bark  and  the 
weld  plant ;  the  former  is  the  bark  of  a  peculiar  kind  of  oak 
gpwing  in  America,  the  latter  is  the  produce  of  our  own  country. 
The  weld  plant  (the  reseda  luteola  of  Linnffius)  is  for  the  most 
part  cultivated  about  Doncaster  in  Yorkshire.  It  is  found,  howev- 
er, that  nothing  impoverishes  the  land  so  much  ;  otherwise  it  pro- 
duces a  very  heavy  and  profitable  crop. 

Here  it  may  be  worth  remarking,  that  whenever  it  is  of  conse- 
quence to  produce  the  finest  yellows  or  more  delicate  lemon  col«* 
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Qur,  it  is  necessary  to  dry  the  pieces  in  the  open  air,  as  &e  stow 
would  not  fail  to  injure  such  cokurs ;  for  stove-drying  has  al^ 
ways  a  tendency  to  convert  a  yellow  to  an  orange  itisako 
necessary  to  be  equally  careful  in  the  operation  of  dunging  the 
mordants  for  these  pale  yellows ;  for  should  this  be  done  at  a  hi|^- 
er  temperature  than  96^  or  100^,  their  beau^  will  certainly  be 
impaired.  There  is  another  advantage  in  this,  viz.  by  dunging 
at  this  low  temperature,  the  dveing  may  be  completed  even  at 
1 10^  (x*  thereabouts,  which  will  give  a  much  livelier  colour  than 
where  a  higher  temperature  has  been  employed. 

The  mordants  generally  used  in  calico-printing,  are  acetate  of 
iron  for  browns,  blacks,  lilacs,  &c.  ;  and  acetate  of  alumina  for 
all  the  different  ^adesof  reds  and  yellows. 

The  best  method  that  I  am  acquainted  with  of  preparing  the 
acetate  of  iron  for  making  the  common  black  colour  forcsJico-fMint- 
ing  is  as  follows  : — ^Take  the  iron  liquor  of  its  full  strengui,  as 
lowered  with  one  or  two  waters  according  to  the  goodness  of  this 
mordant  in  the  first  instance,  and  then  add  about  2^  lbs.  of  flour 
to  every  gallon  of  the  fluid,  more  or  less  according  to  the  good- 
ness of  the  flour  and  the  kind  of  work  for  which  it  may  be  design- 
ed. Having  well  incoiporated  the  flour  with  the  iron  liquor,  let 
the  whole  remain  twelve  hours  cht  more.  After  this  it  is  to  be 
boiled  for  about  half  an  hour,  or  till  the  whole  be  converted  into 
a  paste  of  due  consistence,  when  it  will  be  fit  for  use.  The  ma- 
tenals  become  better  incorporated,  and  the  colour  is  found  to 
work  better,  by  lying  thus  long  before  it  is  finished  by  boiling. 

Formerly  the  acetate  of  iron  was  made  by  digesting  old  iron 
hoops  in  souF  beer,  or  m  very  weak  vinegar ;  but  of  late  years  it 
has  chiefly  been  made  with  the  pyroligneous  acid,*  the  olea- 
ginous impurities  of  which  tend,  in  some  cases,  to  improve  the 
mordant. 

Blacks  are  also  produced  by  the  nitrate  of  inmf  and  gallic 
acid  ;  the  mixture  is  called  chejmical  black.  The  nitrate  of  iron 
is  made  by  dissolving  metallic  iron  in  a  peculiar  kind  of  aqua- 
fortis. Common  aqua-fortis  will  not  answer  for  this  purpose  ; 
for,  though  it  may  dissolve  the  iron  with  rapidity,  part  of  the 

*  If  wood  be  submitted  to  an  intense  beat,  when  inclosed  in  an  ifon  veiael  of  any 
kind  with  a  proper  aperture  to  allow  the  vapour  to  pass,  this  vapour  on  being  con- 
densed forms  the  acid  in  question,  and  is  now  known  to  be  a  kind  of  impure  vinegar. 
The  wood  in  this  case  is  converted  into  charcoal^  of  which  a  great  dead  is  prepared 
by  this  process,  particularly  for  the  formation  of  gunpowder. 

f  Nitrate  of  iron  was  not  applied  to  calico-printing  till  within  the  last  fi%  years. 
This  discovery  formed  an  important  era  in  the  trade,  as  it  aflbrded  the  manuftcturer 
the  means  of  vary  ing  his  styles  of  work  in  a  multiplicity  of  ways  and  foimSt  which 
till  then  were  entirely  unknown. 
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metal  is  apt  veiy  soon  to  precipitate ;  which  not  only  weakens  thd 
colour,  but  leares  the  remainder  so  acidulous  that  there  is  always 
a  danger  of  such  a  preparation  injuring  the  texture  of  the  clodi. 

Chemical  blade  is  made  by  mixing  a  decoction  of  galls  with  the 
nitrate  of  iron  just  described  ;  this  produces  gaHate  of  iron,  and 
probably  some  tannate  of  that  metal :  the  disengaged  nitrous  acid 
then  dissolves  the  two  newly  formed  salts.  The  colour  called 
chemical  black  may  therefore  more  properly  be  said  to  be  an 
union  of  the  cdouring  matter  of  galls  with  the  peroxide  of  iron, 
than  a  mixture  of  gallic  acid  widi  nitrate  of  iron.  The  gallic  add 
is  probably  Kke  the  pyrolignebus,  or  nothing  but  the  acetous  acid 
heading  a  pecuKav  vegetable  substance  in  solution,  and  either  the 
muriate  or  the  sulphate  of  iron,  if  applied  to  cloth  in  conjunctian 
with  the  colouring  matter  of  galls,  will  in  time  produce  as  intense 
and  durable  a  black  as  the  nitrate  ;  but  the  difficulty  of  thicken- 
mg  the  solutions  of  these  salts,  and  the  time  which  is  required  to 
coflivert  dieir  base  mto  a  peroxide,  render  them  less  fit  for  the 
calico-printer's  purpose. 

It  is,  however,  necessary  to  remark  that  the  black  which  is  form- 
ed by  this  sokition  of  iron,  is  produced  in  a  difierent  way  ixm 
blacks  in  general ;  for,  when  common  iron  liquor  is  used  for  this 
purpose,  it  is  first  printed  on  the  calico  ;  and  wiien  it  has  been 
sufficiently  oxidized  by  exposure  to  the  air,  the  goods  are  boiled 
in  a  decoction  of  madder,  which  renders  such  parts  as  had  been 
printed  with  the  acetate  of  iron  an  intense  black.  But  the  black 
nom  nitrate  of  iron  and  galls  is  applied  at  once  to  the  cloth,  and  is 
not  afterwards  increased  in  intensity,  or  raised,  as  it  is  termed,  by 
dyekig* 

The  cdtco-ptinter  by  using  a  black  ready  formed  is  dius  ena- 
bled to  mix  it  with  other  coknirs,  in  cases  where  by  dyeing  akxie 
it  could  not  be  produced,  as  in  conjunction  jrith  yellows  and 
olives,  raised  by  weld  or  quercitron  bark. 

The  acetate  of  alumina  is  prepared  by  a  mixture  of  die  sul- 
phate ai  alununa  and  potash  with  acetate  of  lead,  both  in  a  state 
of  scdution  ;  so  that,  on  the  theory  of  double  decompo^on,  sul- 
phate of  lead  is  formed,  which  precipitates,  while  the  acetate  ot 
alumina  remains  in  scdution. 

Since  the  demand  for  this  article  has  been  increased  on  ac- 
count of  the  extension  of  the  printing-trade,  it  has  been  prepared 
Irom  the  pyroligneous  acid,  by  means  of  lime  and  alum.  The  fd- 
kwing  is  the  method : 

The  pyroligneous  acid  is  first  passed  through  a  still,  to  divest 
it  of  a  pcntion  of  d[ie  oil  or  tar  which  is  always  dissolved  in  it ;  it 
is  then  saturated  with  lime  or  whiting  ;  and  lastly,  the  acetate  of 
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lime  thus  formed,  is  decomposed  by  a  heated  solution  of  sulphate 
of  alumina  and  potash.  The  result  of  this  double  decomposition 
is  sulphate  of  Ume,  which  precipitates,  and  acetate  of  alumina, 
which  is  drawn  from  the  sediment  of  the  calcareous  sulphate,  and 
preserved  for  use. 

And  here  it  may  be  necessary  to  caution  tlie  manufacturer 
i^nst  a  misfortune  that  may  befall  him  if  he  be  not  conversant 
with  the  chemical  nature  of  the  substances  he  employs. 

Magnestan  limestone  abounds  in  Derbyshire  and  in  some  of  tlie 
adjacent  counties  ;  and  should  a  maker  of  acetate  of  alumina  em- 
ploy such  lime  in  his  process,  the  article  which  it  would  produce 
would  in  all  probability  be  entirely  unfit  for  the  use  of  the  calico- 
printer.     But  I  must  be  more  explicit. 

In  employing  dse  common  lime  in  conjunction  with  alum,  a  sul- 
phate of  lime  wiQ  be  formed,  as  menticmed  above,  and  this  being 
nearly  an  insolvhle  salt,  will  precipitate.  But  here,  sulphate  of 
magnesia  would  also  be  formed,  which  being  a  soluble  salt,  would 
remain  in  solution,  and  increase  the  specific  gravity  of  the  liqu<^> 
ft  circumstance  which  would  be  very  apt  to  occasion  the  deception 
which  I  am  anxious  should  be  avoided.  If  magnesian  limestone 
be  employed,  the  liquor  will  appear  good  by  the  hydrometer ;  but 
as  it  will  contain  more  Epsom  salt  than  acetate  of  alumina,  it  will 
be  unfit  for  every  purpose  for  which  it  was  intended. 

While  speaking  of  acetate  of  alumina,  I  cannot  avoid  remark- 
ing, that  the  process  which  has  just  been  described  for  making  this 
mordant,  and  which  is  followed  mvariable  by  many  of  the  manufac* 
tiirers  in  the  North,  is  extremely  improper,  on  account  of  the  lime 
which  is  employed  in  it,  be  the  lime  ever  so  good,  as  that  earth 
is  very  pre]udicial  to  every  species  of  red  dye.  The  proper  way 
of  maldng  it,  though  more  expensive,  is  that  which  was  originally 
pcunted  out  by  Berthollet,  and  which  consists  in  decomposing  sul-* 
pbate  of  alumina  and  potash  (common  alum)  by  means  of  saccha- 
rum  saturai,  or  acetate  of  lead. 

In  reverting  to  tlie  remaining  jNTX^sses  of  the  pint-wcwk,  it 
must  be  noticed,  that  when  the  goods  have  passed  throu^  the 
weld  or  madder  copper,  they  are  usuaHy  carried  to  a  boiler  con- 
taining wheat-bran  and  water,  in  which  they  are  winched  fiyr  a 
considerable  time,  for  the  purpose  of  fi-eeing  the  white  grounds 
from  the  stain  which  they  had  acquired  fi-om  the  madder  or  the 
weld.  This  process  always  impairs,  in  some  measure,  the  inten- 
sity of  the  colours ;  but  it  is  a  necessary  operation,  as  there  is  no 
other  mode  so  convenient  for  removing  the  stain  which  is  always 
given  to  the  white  part  of  the  print  by  die  madder,  die  bark,  or  the 
weld,  which  has  been  used  in  dyeing  it. 
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Braimiiig  has  also  the  efiect  of  giving  a  pink  hue  to  all  madder 
reds.  But  is  not  generally  known  what  a  peculiar  richness  may 
be  impacted  to  madder  colours,  by  raising  them  with  a  mixture  of 
bran  and  madder ;  that  is,  by  mixing  a  porticm  of  bran  widi  the^ 
madder  in  the  first  instance.  I  have  myself  sometimes  produced 
colours  in  this  way  whose  brilliancy  has  astonished  me. 

Tliis  mode  of  dyeing  red  with  a  mixture  of  bran  and  madder  is 
called  in  the  trade  drowse's  or  London  pink,  and  was  invented  by 
a  journeyman  calico-printer  near  Londcm,  of  the  name  of  Growse, 
who  sold  the  recipe  for  100  guineas.  In  this  process  the  acid  of 
the  bran  {prevents  the  precipitation  of  ihe  fawn-coloured  particles 
of  the  madder,  and  the  red  produced  is  consequently  more  rosy 
and  pure. 

Madder  contains  two  distinct  species  of  cokuring  particles,  a 
beautiful  red  or  rose  colour  and  a  degraded  yellow  or  iawn  colour 
— ^both  are  precipitated  on  the  cloth,  in  the  usual  dyeing  process^ 
to  the  great  injury  of  the  tini  obtained*  The  object  of  the  tedious 
Turkey-red  'process  is  to  fix  the  red  colouring  particles  so  firmly 
as  to  allow  the  fawn-coloured  ones  to  be  dissolved  and  discharged 
by  long  boiling  in  solution  of  soap  or  soda,  by  oxymuriate  of  soda 
or  by  acid  solutions  of  tin.  A  dilute  supersulf^ate  of  potash  haa 
lately  been  used  with  success  for  this  purpose  in  France.* 

It  firequendy  is  the  case,  however,  that  goods  vrill  not  bear  to 
be  suffidendy  branned  to  clear  the  whites  entirely  by  that  one  ope* 
raticMi  ;f  such  goods,  therefore,  are  partially  cleansed  in  the  brani 
ning-<^per,  and  are  then  laid  (»  the  grass  for  some  days,  until 
diey  become  perfecdy  clean  and  white. 

But,  within  the  last  few  years  a  new  method  has  been  introdu* 
ced,  which  consists  in  imm^sing  the  pieces  lor  a  certain  time  in 
a  veiy  weak  solution  of  one  of  the  Ueaching  salts,  such  as  oxy« 
muriate  iA  potash,  soda,  or  magnesia.  This  simple  process, 
which  effects  b  a  few  minutes  what  would  require  mcure  than  as 
many  days  in  grass-bleaching,  is  now  much  practised,  and  promis- 
es vejy  soon  to  supercede  crofting  entirely.  This  is  a  most  im- 
portant improvement,  as  some  of  the  large  printers  formerly  re^ 
quired  as  much  Itfiad  to  spread  out  their  gpods  upon,  as  would 
make  a  farm  of  a  very  considerable  size. 


»     r.< 


*  See  "  A  Collection  of  Observations  on  Madder/'  by  BerthoIIet,  JInnaUs  de  Chi- 
EM^tom  iv.  page  MS.  M.  Watt  "On  the  Pi>opert]6s  of  Zeatond  Madder."  Rid. 
pag^l04.  Vogter  '*  On  dyeing  Cotton  with  Madder."  Ibid,  page  109. 
TTbe  temperature  at  which  the  operation  of  branning  is  performed,  is  very  import- 
aYiL  If  iKurk  yellows  are  dyed  at  100^,  it  is  cvstcmary  to  bran  such  goods  at  116"  or 
120*,  ap  it  is  a  principle  always  to  bran  at  a  higher  temperatuie  Umua  the  goods  an 
dy^d  at.    Madder-work  must  be  branned  at  a  boiling  heat.  .  . 
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Besides  the  kinds  of  caBco-printing  already  mentioned,  there 
are  others  which  it  will  be  proper  to  notice  in  this  place.     Of 
these,  what  is  called  resist-work,  is  now  done  in  considerable  ' 
quantities.    It  is  conducted  in  the  following  manner  : 

A  certain  preparation  of  copper,  mixed  either  with  flour  paste, 
with  gum,  or  wim  pipe-clay  and  gum,  is  printed  on  the  calico,  in 
any  shape  or  of  any  pattern  that  may  be  desired.*  When  this  is 
siificiendy  dry,  the  goods  are  repeatedly  dipped  in  the  blue  vat 
till  they  have  acquired  daat  depth  of  tint  which  may  be  required. 
lie  art  of  making  an  indigo-vat,  or  blue  vat  as  it  is  sometimes 
called,  cOTsists  in  forming  such  a  mixture  of  Kme  and  sulphate  of 
kon  as  shall  most  e^tually  deoxidize  the  indigo  ;  as  mdigo  has 
no  affinity  for  cloth  in  its  natural  or  oxygenized  state.  Hence 
those  parts  of  a  piece  which  are  printed  with  the  solution  of  cop- 
per, will  never  be  dyed  blue  in  one  of  these  vats ;  because  the 
decKcidized  indigo  becomes  oxygenated  the  moment  it  touches  the 
copper,  which  parts  with  its  oxygen  to  the  indigo,  and  occasions 
it  to  become  msoluble,  and  consequendy  mcapable  of  forming  a 

dye. 

Thus,  while  sulphate  of  iron  has  die  power  of  deoxidiang  indi- 
go, sulphate  of  copper,  or  any  other  salt  of  that  metal,  is  incapa- 
ble of  retaining  its  oxygen,  whenever  it  comes  in  contact  with  that 
angular  substance  in  a  state  of  deoxidizement ;  and  it  is  a  curious 
instance  of  the  different  degree  of  intensity  by  which  oxygen  is 
held  by  the  difierent  metab. 

I  suspect,  however,  there  is  often  great  vraste  in  the  manage- 
ment of  these  vats,  and  that  the  contents  are  often  thrown  away 
long  before  the  incUgo  is  spent,  in  consequence  of  the  want  of  a 
due  admixture  of  the  lime  and  the  sulphate  of  iron  vnih  the  col- 
ouring matter  ;  whereas,  if  a  dyer  or  calico-printer  be  acquainted 
with  chemical  science,  he  will  understand  the  nature  of  the  opera- 
tion of  these  substances  upon  each  other,  and  hence  can  be  at  no 
loss  how  to  keep  up  die  vat  to  its  original  strength,  by  replenishing 
it  occasionally  with  one  or  other  of  the  ingredients  as  may  be  re- 

€iuired. 

The  fact  is,  that  indigo,  unless  it  be  deoxidized,  is  insoluble 
either  in  the  alkalies  or  the  alkaline  eartiis ;  but  when  thb  is  etkct- 
ed  by  the  iron  of  the  copperas,  the  lune  dissolves  it,  and  forms  it 
into  a  perfect  solution  ol  indigo.  At  first  a  portion  of  the  lime 
abstracts  the  sulphuric  acid  from  the  copperas,  and  precipitates 

*  The  sulphate,  the  nitrate,  the  muriate,  and  the  acetate  of  copjier  have  all  been 
emplojed  for  preparing  the  resist-paste  ;  but  I  believe  the  sulphate  is  the  best  for  the 
purpose,  unleu  a  very  concentrated  solution  of  the  four  laltawece  prepved  bj  suc- 
cessively dissolving  each  of  them  in  pare  water* 
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wkh  it  in  the  state  of  sulphate  of  lime.  The  detached  metal  be* 
iDg  now  in  the  stale  of  die  protoxide  of  iron,  and  having  in  that 
stage  of  its  oxidizement  a  great  affinity  for  oxygen,  it  takes  it  from 
the  indigo,  and  thus  becomes  changed  to  theperoxide  of  iron, 
which  bemg  insoluble  precipitates  likewise.  Thus  the  acid  and 
the  base  of  the  sulphate  of  iron  are  at  length  botli  precipitated, 
when  the  remaining  portion  of  lime  seizes  the  deoxidized  indigQ 
and  forms  with  it  £e  solution  desired.  \Vlien  the  principle  of  the 
blue-vat  is  thus  properly  understood,  it  is  an  easy  tiling  for  thd 
manager,  at  any  time  to  discover  which  of  the  three  materials  id 
deficient,  and  to  add  it  accordingly.  I  am  die  more  desirous  of 
offering  these  remarks,  because  I  have  many  times  heard  the  pro- 
prietors of  a  manufactory  declare  that  they  have  occasionally 
thrown  away  the  whole  contents  of  a  new  vat,  containing  many 
pounds  wordi  of  indigo,  because  the  foreman  or  managers  of  the 
the  works  had  not  observed  the  due  propordons  of  die  lime  and 
the  copperas  to  put  the  indigo  into  a  proper  state  for  working  ; 
and  they  have  an  idea,  if  it  is  once  wrong  it  must  be  always  so, 
and  therefore  they  throw  it  away  without  attempting  to  coiTCCt 
the  error. 

To  revert  to  the  piocess  of  resist-work,  it  is  necessary  to  say,  that 
when  the  pieces  have  been  sufficiently  immersed  in  the  blue-vat 
mi  have  been  washed  and  passed  through  diluted  sulphuric  acid, 
those  parts  which  had  been  printed  with  die  preparation  of  copp|er, 
are  found  to  be  preserved  a  good  white  ;  the  preparation  having 
effectually  re^sted  the  (^ration  of  the  indigo,  though  all  the  other 
parts  of  the  ck>th  have  received  a  permanent  dye.  The  various 
deep  blue  calicoes  with  white  spots  or  white  figures,  which  are 
now  so  common,  are  generally  done  in  this  way  }  and  by  a  simi- 
lar management  with  subsequent  dyeing  in  madder,  in  weld  on 
quercitron  baisic,  figures  in  red  or  yellow  (as  the  case  may  be)  are 
exhibited  upon  a  blue  ground. 

In  some  particular  styles  of  work  the  operation  of  certain  col- 
ours 18  resisted  by  means  of  sto(^)ing  out  with  wax ;  but  this  is  too 
expensive  a  method  to  be  adopted  often,  in  these  times,  when  it 
is  die  object  cS  every  manufacturer  to  finish  his  prints  at  the  least 
possible  expense.  Formerly  this  mode  was  very  generally  prac- 
tised, and  wax  was  consumed  in  very  large  quantities  by  tnis  pro- 
cess.* 

In  printing  those  silk  handkerchiefs  called  Bandanas,  a  process 
called  waxing  is  still  fi^wed.     It  consists  in  making  a  prepara- 

^  In  die  East  Indies,  ««z  is  stiU  used  for  preserrkig  the  wlutef  in  calkO'ptiiilaQi. 

Bott.  Jour.  Jan.  tf  Feb.  1626.  32 
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tioil  of  tallow  and  rosin  very  liquid  by  heat,  and  in  printing  it  in 
tliat  state  with  a  block  upon  die  silk.  When  such  goods  are  passed 
through  the  blue-vat,  diose  parts  which  are  covered  with  the  tal- 
low and  rosin  are  preserved  fix)ni  the  action  of  the  indigo,  and 
remain  white,  while  aU  the  rest  is  dyed  a  fast  blue.  The  method 
afterwards  taken  to  discharge  a  part  of  this  blue^  and  produce 
yellow,  orange,  ^c.  will  be  mentioned  hereafter. 

A  very  singular  looking  substance  was  discovered  a  few  years 
ago  near  Stockport,  which  being  handed  about  from  one  to  anoth- 
er, created  considerable  interest  in  that  neighbourhood.  Every 
body  supposing  it  to  be  a  natural  prpduction,  specimens  of  it  were 
sent  to  a  variety  of  persons  in  various  parts  of  the  kingdom,  for 
their  opinion  and  analysis,  and  among  others  a  portion  was  sent  to 
myseU.  However,  after  every  one  had  been  busily  engaged  in 
examination  and  conjecture,  respecting  this  unknown  substance, 
it  was  announced,  that  some  seventy  or  eighty  years  before,  a 
calico-work  had  stood  on  the  spot  where  the  article  was  found, 
and  that  this  was  nothmg  more  than  a  large  heap  of  the  refuse 
compound  of  flour,  wax,  and  gum,  above  mentioned. 

The  reader  will  perceive  that  these  rmsU  are  employed  for 
the  purpose  of  preserving  certain  parts  of  a  piece  white,  and  of 
giving  other  varieties  to  those  goods  in  wtiich  blue  is  the  predomi- 
nant colour  ;  but  if  the  ground  is  to  be  wliite,  and  the  piece  is 
only  to  have  one  small  object^  in  indigo  blue,  such  as  a  single 
«prig,  then  a  different  management  is  necessary,  and  the  colour  is 
imparted  by  a  process  which  is  called  pencU-blue. 

Here  the  indigo  is  deoxidized  by  means  of  orpiment,  which  b 
a  sulphuret  of  arsenic ;  and  formerly,  whatever  objects  were  done 
with  It  were  put  in  by  means  of  a  pencil :  hence  its  name,  p£NCiii- 

BLUE. 

Pencil-blue  is  composed  of  the  following  ingredients,  viz.  Ten 
ounces  of  mdigo  finely  ground  in  water ;  twenty  ounces  of  quick- 
lime m  lumps  ;  the  same  quantity  of  potash  of  commerce,  or  the 
impure  sub-carbonate  of  this  alkali ;  and  ten  ounces  of  orpiment. 
These  proportions  require  one  gallon  of  water,  and  when  the  whole 
has  been  properly  mixed,  and  time  has  been  allowed  for  the  sedi- 
ment to  subside,  the  clear  colour  is  to  be  carefully  poured  off  and 
thickened  witli  gum  Senegal. 

The  intention  in  using  this  preparation  had  always  been  to  im- 
part it  to  the  calico,  before  the  indigo  had  time  to  recover  its  oxy- 
gen :  hnice  a  small  quantity  only  was  mixed  at  once,  or  no  more 
dian  could  be  pencilled  on  in  a  very  short  time  ;  but  the  incon- 

*  Otjtd  is  a  technical  term  beloDgiog  to  thii  branch  of  manofactnre. 
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Tenience  which  attended  this  plan,  gave  rise  at  length  to  an  inren** 
iion  which  has  nearly  superseded  the  use  of  the  pencil. 

The  invention  to  which  I  refer  is  the  spring-sieve,  which  may 
be  thus  described  :  A  fine  canvass  sieve  is  suspended  within  a 
tub  of  pencil-blue  colour,  so  contrived  that  the  canvass  should  be 
in  contact  with  the  colour,  and  follow  it  as  it  is  wasted.  But  as 
the  colour  was  consumed  the  sieve  did  not  always  exactly  sink 
with  it,  which  occasioned  great  uncertainty,  and  sometimes  consid* 
erable  disappointment  trom  the  admission  of  too  much  atmospheric 
air  : — ^to  obviate  these  inconveniences  many  schemes  were  resort- 
ed to,  but  none  of  them  completely  answered  the  purpose. 

Tliis  utensil  has,  however,  now  been  much  improved  by  a  par- 
ticulai*  friend  of  mine.  The  improvement  consists,  essentially,  in 
the  addition  of  a  vessel  upon  the  principle  of  tlie  conmion  bird 
fountain,  which  is  filled  with  the  prepared  indigo  and  closely  cork- 
ed.    This  supplies  the  blue-tub  just  as  fast  as  it  is  exhausted* 

[To  be  continued.'] 


Art.  XXVII.  On  the  Barometer.    By  J.  F.  Daniell,  F.R.S* 
[Jour.  Roy.  Inst.] 

The  following  paper  reqi^ires  a  few  words  of  preface.  It  con- 
tains, as  far  as  I  am  able  to  recollect,  the  substance  of  a  commu- 
nication which  I  had  tlie  honour  to  make  to  the  Royal  Society,  in 
the  month  of  No'/ember  last,  before  the  commencement  of  their 
last  session.  As,  with  a  former  paper  upon  the  same  subject,  a 
mistake  had  arisen,  a^  I  was  informed,  from  my  not  having  ex- 
pressed a  desire  to  have  it  read,  the  consequence  of  which  was 
that  it  was  not  read,  I  took  the  precaution  of  placing  the  present 
manuscript  in  the  hands  of  the  rresident,  with  a  due  notification 
that  it  was  presented  for  the  purpose  of  being  read  at  the  meet- 
ing of  the  society.  I  went,  immediately  afterwards,  upon  the 
continent ;  where  I  was  detained  several  months.  Upon  my  re- 
turn, in  June,  I  found  that  the  first  part  of  the  Philosophical 
Transactions  for  the  year,  had  been  published,  and  that  it  contain- 
ed no  notice  of  my  paper  :  neither  could  I  find  that  any  commu- 
nication had  been  sent  to  me  of  its  destination.  I  was  naturally 
anxious  to  obtain  some  intelligence  respecting  it,  and  addressed  a 
note  upon  the  subject  to  the  President ;  to  which  he  returned  me 
the  following  reply :  . 
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Dear  Sir,  26,  Petrh^treet^  June  5. 

Your  paper  was  read  to  the  Royal  Sooiety  many  months  ago,* 
and  has  been  before  the  counciL  There  was  but  one  opinioa 
expressed  as  to  the  ingenuity  of  the  method  of  preventing  the  in- 
troduction of  air,  supposing  tlie  cause  that  which  you  have  assign- 
ed. The  existence  of  this  cause  for  the  appearance  of  elastic 
matter  in  barometer  tubes,  was  not  considered,  however,  as  prov? 
ed  by  tlie  experiments  you  have  detailed,  and  it  was  therefore 
agreed  by  the  council  to  wait  for  your  return,  in  hopes  tliat  you 
might  be  able  to  give  them  some  new  details  or  elucidations  irom 
the  researches  which  you  stated  were  m  progress. 

1  am,  dear  Sir, 

Very  sincerely  your's, 

H.  Davy. 

I  immediately  returned  the  following  answer,  being  anxious  to 
publish  the  paper  in  the  ensuing  number  of  this  Journal ;  but  not 
acquiescing  sufBciendy  in  the  reasons  assigned  by  Sir  H.  Davy  to 
withdraw  the  paper  from  the  judgment  to  wliich  I  had  submit- 
ted it. 

My  dear  Sir, 

I  have  no  new  details  or  elucidations  to  communicate  to 
the  Royal  Society.  I  shall  therefore  be  much  obliged  to  you  to 
have  my  paper  brought  again  before  the  council  for  their  final  de- 
termination ;  unlesss  indeed  I  am  to  understand  that  their  deter- 
mination has  been  already  expressed. 

I  have  the  honom*  to  be,  dear  Sir, 

Very  truly  your's, 
To  Sir  H.  Davy^  BarL^  J.  F.  Daniell. 

President  of  the  Royal  Society ^  ^c. 

In  consequence  of  this,  the  paper  was  again  laid  before  the 
council,  just  before  the  recess ;  when,  on  account  of  a  division  of 
opinion,  their  determination  was  postponed  to  next  year.  A  mem- 
ber of  die  council  then  asked  leave  to  withdraw  the  paper,  in  or- 
der to  allow  of  its  publication  elsewhere,  and  stated  tiiat  I  had 
neglected  to  preserve  a  copy  of  the  manuscript.  The  president, 
I  am  told,  objected  to  this,  and  laid  down  the  law,  tliat  the  paper 
having  been  once  taken  into  consideration  by  the  council,  could 
not  be  withdrawn.  To  make  sure  that  no  formality  was  neg- 
lected, I  immediately  addressed  the  following  note  to  the  presi- 
dent : 

*  It  was  read,  I  am  ioforaied,on  the  twentieth  Januanr,  and  several  papers  wbicli 
were  delivered  in  after  its  communication  were  read  beiore  it. 
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My  dear  Sir,  Gower-^ireet,  25ih  June,  1825. 

Understandioig  that  the  decision  upon  my  paper  is  postponed 
to  next  year,  1  beg  permission  to  withdraw  it. 

I  remain,  dear  Sir, 

Your's  faithiiilk, 
To  Sir  H.  Datnff  Bart.,  J.  F.  Daniell. 

Prendeni  of  the  Royal  Society,  ^c. 

To  this  application  I  never  received  any  answer.  This  is  a 
brief  statement  of  facts,  upon  which  I  shall  abstain  from  making 
any  comment.  Twice  before  I  have  experienced  similar  treat- 
ment from  the  council  of  the  Royal  Society,  and  t\i'ice  before  I 
have  appealed  to  the  scientific  public  with  success.  I  shall  now 
endeavour,  from  memory  and  such  rough  notes  as  I  have  pre- 
served, to  recompose  the  paper,  with  a  full  conviction  that  the 
facts  narrated  are  of  sufficient  importance  to  call  for  immediate 
publication,  and  satisfied  by  the  opinion  of  those  who  are  well 
qualified  to  judge,  that  there  is  sufficient  proof  of  their  existence 
to  satisfy  all  impartial  minds  that  the  subject  is  well  worthy  of  that 
further  investigation  which  it  was  my  purpose  to  propose  to  die 
Royal  SocieUr.  A  new  law  has  now  been  promulgated  by  the 
President  of  the  society,  and  every  diing  henceforward  published 
in  the  Philosophical  Transactions  must  be  considered  as  proved. 
The  council  will  doubtiess  immediately  drop  the  notice  which  has 
always  hitherto  been  published  in  the  preface  to  the  volumes,  that 
"  they  do  not  pretent  to  answer  for  the  certainty  of  the  facts  or 
propriety  of  the  reasonings  contained  in  the  several  papers  pub- 
lished, which  must  still  rest  upon  the  credit  or  judgment  of  their 
respective  authors  ;**  and  they  will,  of  course,  be  careful  that  this 
law  is  administered  with  impartiality.  In  such  a  regulation  I,  as 
an  humble  individual,  cannot  but  acquiesce  ;  but,  with  many  oth- 
ers I  imagbe,  I  shall  always  be  found  to  resist  the  curtdlment  of 
the  hitherto-acknowlodged  right  of  an  author  to  withdraw  a  paper, 
any  time  previous  to  the  decision  of  the  council  upon  its  publica- 
tion. 

In  the  year  1823  I  presented  to  the  Royal  Society  a  paper 
upon  the  Construction  of  the  Barometer,  die  substance  of  which 
I  afterwards  published  in  my  volume  of  Essavs,  the  original  paper 
having  been  committed  to  the  archives  of  tiiat  learned  body.  I 
therein  stated  my  reasons  for  differing  from  die  liigh  authority  of 
the  Preadent,  upon  the  cause  of  the  existence  ofdastic  matter  in 
borometer  tvbes,  suggested  to  him  in  a  paper  upon  '^  the  electrical 
phenomena  exhibited  in  vacuo,"  and  published  in  the  PhUoso^hi- 
ed  TVansadions  for  the  year  1822.    Sign.  Bellani  also  amved 
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at  the  same  conclusion  as  myself,  from  a  series  of  experiments 
which  he  undertook,  expressly  to  determine  whether  the  air  or 
vapour,  the  last  portions  of  which  are  found  to  remain  so  obstinate^ 
ly  in  barometers  and  thermcnneters,  is  introduced  with  the  mercu- 
ry, or  is  a  portion  of  that  which  originally  occupied  the  tube 
before  the  introduction  of  the  metal.  The  conclusion  he  comes  to 
is,  that  it  is  always  a  portion  of  that  which  previously  adhered  to  the 
glassy  and  titat  mercury  is  utterly  incapable  of  absorbing  either 
air  or  moisture.  One  of  his  experements  is  so  simple,  and  at  the 
same  time  so  conclusive,  that  I  cannot  refrain  fix)m  giving  a  short 
account  of  it.  He  filled  a  barometer  tube,  and  boiled  it  very 
carefully,  and  then  prepared  a  funnel  made  of  a  small  capillary 
tube,  which  reached  through  the  mercury  in  the  barometer-tube, 
to  the  closed  end,  and  was  enlarged  at  the  top.  When  introduced, 
it  had  been  recently  made,  and  perfecdy  dry.  Some  mercury 
was  then  prepared  by  agitating  it  in  a  bottle  with  water  aod  air, 
and  dryed  by  means  of  filtering  paper,  and  afterwards  passing  it 
llirough  paper  cones,  three  or  four  times,  into  dry  vessels.  A  little 
of  this  mercury  was  poured  into  the  funnel  tube,  and  the  air  ex- 
tracted by  means  of  a  fine  wire,  so  that  the  column  was  continuous. 
So  much  of  diis  prepared  mercury  was  then  poured  in  as  fulty-  to 
displace  the  mercury  which  had  been  boiled  in  the  tube.  The 
barometer  was  found  to  stand  exacdy  at  the  same  height  as  before 
in  the  same  circumstances ;  and,  when  the  mercury  was  heated, 
none  of  those  bubbles  appeared  which  arose  on  the  first  boiling.* 
Still  furtlier  to  illustrate  this  subject,  which  I  thought  of  the 
highest  importance,  and  to  ascertain  the  diflference  of  capillary 
action  in  boiled  and  unboiled  barometer-tubes,  I  undertook  the 
following  experiments.  The  apparatus,  which  I  made  use  of,  con- 
asted  of  an  upright  pillar  of  brass,  standing  upon  a  maliogany 
foot,  upon  which  two  horizontal  arms  of  unequal  lengths  were 
made  to  slide  ;  at  the  extremity  of  each  of  these  a  steel  needle, 
with  a  fine  point,  was  fixed  perpendicularly  downwards.  These 
points  could  be  adjusted  to  the  same  plane,  or  their  relative  dis- 
tance be  measured,  by  means  of  a  nut  and  screw  upon  the  pillar, 
which  carried  a  nonius  ;  and  the  slightest  contact  of  diese  points 
witli  the  clean  surface  of  a  basin  of  mercury  was  instandy  percep- 
tible. I  satisfind  myself,  by  repeated  trials>  that  the  adjustment 
might  be  depended  upon  to  die  one-thousanddi  part  of  an  inch. 
I  made  a  contrivance  to  hold  a  glass  tube  perpendicularly  immers- 
ed in  a  basin  filled  with  mercury ;  and  when  one  of  the  steel 
points  was  made  to  touch  the  surface  of  the  fluid  in  the  tube,  and 

*  GiomaU  de  FUdca,  VoL  vi.  p.  20,  or  see  Royai  LiHUuiion  Journal,  VoL 
X7,  p.  371. 
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ihe  other  the  surface  in  the  basin,  the  depression  of  the  former 
was  accurately  measured  by  the  nonius.    In  this  manner  I  deter- 
mined the  capillary  action  of  several  tubes,  varying  in  their  diamr 
eters  from  one  to  six  tenths  of  an  inch.     The  results  agreed  as 
nearly  as  possible  with  Dr  Young's  table,  calculated  from  the  ex- 
periments of  ]Vfr  Cavendish.     The  end  of  the  tubes,  opposite  to 
those  at  which  the  measures  had  been  taken,  were  dien  hermetic- 
ally sealed,  in  such  a  manner  as  to  be  readily  re-opened  under 
mercury  :  they  were  immediately  filled  witli  merciuy,  and  care- 
fully boiled.    I  expected  to  be  able  to  ascertain  the  differences  of 
depression  by  opening  them  in  the  basin  of  mercury,  and  proceed- 
ing as  before.     The  experiment  was  performed  as  soon  after  the 
operation  of  boiling,  as  the  mercury  in  the  tube  had  cooled  dowB 
to  the  temperature  of  that  in  the  basin.     At  first  the  attraction 
between  the  mercuiy  and  the  glass  appeared  to  be  perfect,  and 
no  depression  could  be  perceived.      When,  however,  the  tubes 
were  left  some  time  exposed,  either  before  or  after  they  were 
opened,  the  air  and  moistiure  bsinuated  themselves  between  the 
metal  and  the  glass,  and  an  immediate  depression  was  the  conse- 
quence.    This  depression  increased  gradually,  till  at  length  it  be- 
came fixed  at  the  exact  point  of  that  of  the  unboiled  tube.     Tlie 
progress  of  this  effect  was  easily  perceptible  with  a  magnifying 
glass,  and  was  rendered  still  more  visible  by  heating  tlie  tube, 
when  air-bubbles  were  immediately  detached.     This  is  obviously 
the  same  effect  as  that  described  by  Sir  H.  Davy  in  his  paper  b^ 
fore  alluded  to,  in  which  he  says,  that,  ^^  on  keeping  the  stop-cock 
of  one  of  the  tubes,  used  in  the  experiment  on  the  mercurial  va- 
cuum, open  for  some  hours,  it  was  found  that  the  lower  stratum  of 
mercury  had  imbibed  air,  for  when  heated  in  vacuo  it  emitted  it 
distinctly  fix>m   a  space  of  a  quarter  of  an  inch  of  the  column ; 
smaller  quantities  were  disengaged  firom  the  next  part  of  the  col- 
umn, and  its  production  ceased  at  about  an  inch  high  in  the  tube." 
Now,  I  believe  that  I  should  not  be  too  presumptuous  if,  stopping 
here,  I  were  to  maintain  that  my  experiment  presented  absolute 
proof  that  the  air  had  insinuated  itself  between  the  mercury  and 
the   tube,   and  shewed  tiiat  there  was  no  '^  reason  to  believe 
that  this  air  existed  m  mercury  in  the  same  invisible  state  as  in 
water,  that  is,  distributed  through  its  pores."    For,  if  the  latter 
had  been  the  case,  the  mercury,  which  contained  no  air  after  be- 
ing boiled,  would,  firom  its  greater  density,  have  sunk  in  the  tube, 
when  surrounded  by  mercury  which  had  not  been  boiled,  and 
would  have  risen  gradually  as  it  became  saturated  witli  air.    I  am 
justified  in  drawing  the  conclusion  fit>m  the  contrary  effect,  tiiat 
the  air  had  insinuated  itself  between  the  metal  and  the  tube,  for 
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the  capilhuy  depression  is  known  to  be  in  inverse  proportion  to 
the  affinity  of  the  fluid  for  the  containing  tube,  and  nothii^  could 
have  afiected  the  affinity  in  the  case  before  us,  but  the  gradual  in* 
tenposition  of  a  thin  stratum  of  air  and  moisture. 

Having  thus  traced  and  measured  the  progress  of  the  air  down 
the  sades  of  small  tubes  filled  wkh  mercury,  and  boiled  with  the 
greatest  care,  I  was  naturally  led  to  suspect  that  the  same  action 
might  take  place  in  barometers,  to  their  gradual  deterioration.  I 
soon  saw  reason  to  conclude  that  such  a  process  actually  was  go* 
ing  on  in  the  most  carefully  constructed  instruments,  and  that,  in 
time,  air  would  thus  insinuate  itself  into  the  best  Torricellian  va-* 
cuum.  In  the  paper  upon  the  constniclion  of  the  barometer,  to 
Ti^ch  I  have  before  alluded,  I  gave  all  the  particulars  of  the 
making  of  two  barometers,  in  which  every  precaudon  was  used 
to  dispel  every  particle  of  air.  One  of  these  was  of  very  large 
dimensions,  and  was  fixed  up  in  the  apartments  of  the  Royal  So* 
ciety,  under  the  superintendence  of  the  Me(eorok)gical  Committee* 
The  other  was  ctf  the  mountain  constructioo,  and  intended  for  my 
own  use.  The  agreement  between  these  two  instruments,  when 
all  corrections  were  made  for  the  differences  in  their  siees  and 
forms,  was  very  perfect^  and  proved  that  the  care  which  had  beea 
bestowed  upon  them  had  not  be^i  thrown  away,  in  the  laitei^ 
however,  I  lately  remarked  that  a  small  quantity  of  air  had  a»* 
oended  into  the  vcu^um.  I  could  not  discover  any  way  in  which 
this  could  have  obtained  admiasion  ;  but,  attributing  it  to  aeci* 
dent,  I  laid  it  aside  and  thought  no  more  of  it  till  the  present 
experiments  recalled  it  to  my  recollection.  By  a  singular  coined* 
dence  I  was,  about  this  time,  informed  that  the  baromeler  of  the 
Royal  Society  had  assumed  a  very  remarkaUe  appearance,  and 
that  the  mercurial  column,  which  was  originally  perfectly  bright 
and  compact,  now  seemed  dull  and  speckled.  I  immediately  pro* 
ceeded  to  examine  it  carefully,  and  I  at  once  perceived  that  it  was 
copiously  studded  with  minute  air«bubbles.  As  far  as  the  mer- 
cury was  exposed  to  view,  the  specks  could  be  traced  decrea»ng 
in  size,  from  the  upper  to  the  lower  part.  The  manner  in  whicE 
this  instrument  is  fixed  rendered  it  impossible  to  sui^eet  that  this 
air  could  have  obtained  admission  by  any  accident ;  for,  unlike 
the  mountam  barometer,  the  column  of  metal  is  exposed  to  no 
oscillations  but  such  as  arise  irom  difierences  of  atmospheric 
pressure.  I  was  myself  quite  satisfied,  and  those  who  have  read 
the  account  of  the  precautkms  taken  in  filling  the  tube  will  also, 
1  think,  be  satisfied,  that  this  air  was  not  left  at  its  origbal 
construction.  I  now  leave  it  to  the  candid  to  judge,  whether 
^  the  cause  wliich  I  have  assigned  for  the  appearance  of  this 
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dtstic  matter  in  barometer  tubes  has  not  tHready  been  proved 
bj  the  experiments  which  I  have  detailed." 

While  1  was  thus  occupied'  with  these  consideratioos,  and  suf> 
ficientiy  vexed  to  find  that  all  my  care  had  been  thrown  away  to 
prevent  my  adopting  that  (qpinion  without  very  strong  grounds,  it 
occurred  to  me  that  I  bad,  m  the  course  of  my  experience,  ob* 
served  a  phenomenon,  which  was  calculated  to  throw  some  light 
upon  the  present  question ;  namely,  that  gasses  were  more  readi- 
ly preserved  from  mixture  with  atmospheric  air  over  water  than 
over  mercury.  I  was  unable  to  refer  to  any  notes  of  experiments 
to  confirm  this  suspicion,  but  I  proposed  the  question  to  Mr  Fara- 
day, who,  I  made  no  doubt,  firom  his  great  accuracy  and  expe* 
lience,  must  have  made  the  observation,  if  it  were  founded  in  fact. 
Without  at  the  time  having  aiqr  knoisdedge  of  the  ulterior  object 
which  I  had  in  view,  he  at  once  answered  me,  that  mercury,  he 
believed,  would  not  confine  gases  for  a  long  period  so  well  as 
water  ;  and  he  thought,  that  by  referring  to  his  note-book,  he 
could  fiimish  me  with  the  particulars  of  a  case  in  point.  He  ac* 
eordin^y  did  me  the  favour  to  extract  the  ibfiowing  particulars :— ^ 

In  June,  1823,  he  made  a  mixture  of  one  volume  of  oxygen 
and  two  volumes  of  hydrogen ;  with  tfab  he  filled  five  dry  botdes 
over  mercury,  and  also  four  botdes  over  water.  He  left  the  glassi- 
es inverted  over  mercury  and  water,  placing  three  mercury  and 
two  water  bottles  in  the  windows,  so  as  to  receive  the  sun's  rays 
and  day-light ;  and  two  mercury  and  two  water  botdes  he  placed 
in  a  dark  place.  In  July,  1824,  he  examined  the  botdes ;  the 
water  bottle  in  the  li^t  contained  hydrogen  and  some  conrnion 
air,  and  there  was  no  akeratian  of  volume  ;  the  mercury  botde  in 
fight  contained  common  air  only.  The  water  botdes  in  the  dark 
place  showed  no  alteration  of  volume,  and  the  air  contained  in 
•them  proved  to  be  the  original  mixture  ;  the  mercury  botdes  in 
the  same  situation  contained  nothing  but  common  air. 

Now,  if  I  had  not  known,  fi:om  the  autbori^  of  ibe  President, 
diat  the  council  of  the  Royal  Society  did  not  think  this  sufficient 
proof,  1  should  very  confidendy  have  concluded  from  these  facts, 
that  a  fluid  which  has  attraction  enoi^h  for  glass,  to  enable  it  to 
wet  its  surface,  efiTectually  prevents  the  passage  of  gasses  into  of 
init  of  vessels  of  that  substance ;  while  a  fluid  which  does  not 
wet  the  surface  permits  their  slow  penetration.  I  should,  more- 
over, have  ventured  to  affirm,  that  uie  case  of  the  confined  air  is 
exactly  analogous  to  that  of  tbe  barometer ;  far  its  escape  and  the 
admission  of  die  atmospheric  air  can  only  be  in  virtue  of  the  law 
discovered  by  Mr  Dalton,  that  the  gases  are  as  ftaeuo  to  one 
aixyther.    The  inference  is  also  pretty  strong,  that  the  fihration 
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takes  place  along  the  surface  of  the  glass,  and  not  through  ibe 
pores  of  the  fluid. 

It  has  been  attempted,  I  understand,  to  controvert  this  condu" 
ncm,  by  the  observation  that  gases  have  been  preserved  a  consid-* 
Arable  time  by  mercury  ;  but  when  it  is  con^dered  that  the  slight 
film  of  moisture,  or  any  fouhiess  of  the  mercury,  will  f(»rm  a 
connexion  between  the  metal  and  the  glass,  the  dbjection  can  be 
of  no  avail,  unless  these  circumstances  have  been  attended  tcx 
To  ensure  the  maximum  of  the  e&ct  which  I  have  been  describe 
ing,  it  is  necessary  that  both  glass  and  mercury  shoidd  be  in  the 
driest  and  deanest  possible  state  ;  that  is  to  say,  exactly  in  the 
state  in  which  they  exist  in  a  well  made  barometer. 

That  another  attempt  has  been  made  at  explanation  I  can 
scarcely  credit ;  namely,  that  some  facetious  person  had  played 
Mr  Faraday  a  trick.  The  particiilars  of  the  case  disprove  the 
possibility  of  such  a  drcumstasce,  unless  upon  the  suppoadon 
that  such  person  foresaw  the  present  discussion.  The  character^ 
however,  of  Mr  Faraday  for  precision,  renders  it  unnecessary  to 
say  any  more,  than  that  he  imorms  me  there  is  not  the  slightest 
ground  for  such  a  suspicion. 

I  was  no  sooner  convinced  that  the  most  carefully  constructed 
barometers  were  liable  to  a  dow  and  gradual  deterioration  in  the 
manner  which  I  have  indicated,  than  I  endeavoured  to  find  a 
remedy  lo  the  evil ;  without  which,  it  is  clear,  that  some  of  the 
.most  interesting  problems  of  meteordo^  must  be  for  ever  left  in 
a  state  of  vagueness  and  uncertain^.  For  a  long  time  I  despair^ 
ed  of  success ;  but  when  at  length  I  discovered  an  effectud  medi-' 
od  of  preserving  the  Torricellian  vacuum^  I  flattered  myself  that 
the  Royd  Sodety  would  so  far  have  taken  an  interest  in  the 
subject  as  to  have  ordered  it  to  be  submitted  to  a  trid,  which 
coiud  not  have  been  so  satisfactorily  made  under  any  other  super* 
intendence. 

I  soon  perceived  that  die  ody  possibility  of  e&cting  the  obiect 
which  I  had  in  view,  conasted  in  discovering  some  method  of 
making  the  mercury  toet  (if  I  may  be  alkwed  the  teim)  the  tube 
m  which  it  is  contuned.  I  was  fearfiil,  at  first,  diat  all  the  sub* 
stances,  to  which  its  attraction  is  sufiidendy  strong  for  this  purpose, 
wodd  be  so  much  acted  upon  as  to  beccMne  disintegrated  or  dis- 
sdved.  I,  however,  fortunately  recollected  tfaat^  in  some  experi^ 
ments  in  which  I  was  formeriy  engaged,  platinum,  immersed  in 
bdling  mercury,  became  completely  coated  by  it,  and  afterwards 
retained  its  coating  for  a  long  time.  I  repeated  the  experiment 
with  some  platinum  foil,  and  found  it  to  succeed  perfectly.  The 
mercuiy  adhered  strongly  to  the  fdl,  and  die  htter,  after  a  king 
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mmer»on,  was  fixind  to  have  lost  none  of  its  tenacity*  I  avaH"* 
ed  myself  of  this  property  in  the  following  way  :-— I  caused  a 
small  thin  piece  of  platinum  tube  to  be  made  about  tbe  third  of  an 
inch  in  length,  and  of  the  diameter  of  the  glass  tube  ;  thb  was 
carefully  welded  to  its  open  end,  so  that  the  barometer  tube  ter* 
minated  in  a  ring  of  (datinum.  The  tube  was  filled  and  boiled  BS 
usual,  and  the  infiltration  of  air  was  completely  prerented  by  the 
adhesicMi  ai  the  mercury,  both  to  the  interior  and  exterior  surface 
of  the  platinum  guard.  I  have  no  doubt  that  a  mere  ring  of  wire 
welded,  or  even  cemented  upon  the  exterior  surface  of  &e  glasSf 
which  would  be  a  much  easier  snd  less  expensive  operati(m« 
would  be  a  sufficient  protection,  as  the  slightest  line  of  perfect  coor 
tact  must  effiKSlually  arrest  the  passive  of  the  air  :  but  in  the  first 
attempt  I  was  desiious  that  the  ^cperiment  should  be  tried  in  the 
most  perfect  manner.  When  a  piece  oi  glass,  armed  either  with 
a  ring  or  tube,  is  immersed  in  mercury,  the  e&ct  is  easily  per- 
ceived ;  instead  of  any  depression  being  visible  around  it,  the  mer- 
cury may  be  lifted  by  it  considerably  above  its  proper  level  Time, 
ef  course,  will  be  requisite  fully  to  confirm  the  efficacy  of  the 
guard,  and  I  was  in  hopes  that  the  Rojral  Society  would  have  at- 
tributed weight  enough  to  the  obstipations  which  I  submitted  to 
them,  to  induce  them  to  give  orders  for  the  construction  of  a  krge 
barometer,  iqxm  the  principle  which  I  have  suggested,  to  be  plac- 
ed beside  the  two  odiers  already  in  their  possession.  An  oppor- 
tuni^  would  thus  have  been  affi>rded  of  determining,  in  the  most 
onexceptionable  manner,  several  facts  of  the  utmost  importance  to 
meteorological  science.  The  fiuther  experiments  which  the 
conncil  have  caUed  for,  before  they  would  commit  themselves  by 
ike  publication  of  tbe  foregoing  opimons,  are  in  progress,  and  shall 
be  laid  before  the  society  as  soon  as  they  are  complete  ;  but  they 
obviously  require  considerable  time  for  their  progress.  I  have 
taken  the  pains  to  re-write  this  paper,  under  the  conviction  that 
advantage  will  be  derived  to  science,  by  sooner  throwing  the  sub- 
ject open  to  general  observation  and  experiment. 

I  expected  to  have  been  able  to  find  some  evidence  of  die  de- 
terioration of  barometers  in  the  numerous  registers  that  are  kept 
of  their  oscillations  :  but  I  hare  not  discovered  any  which  have 
been  continued  for  a  sufficient  length  of  time,  with  the  same  m- 
struments,  to  answer  this  purpose  satisfactorily.  Instances  abound 
of  observers  having  taken  the  pains  to  re-boil  their  barometers, 
firom  air  having  obtained  admission,  in  some  unknown  way  which 
has  always  been  attributed  to  accident }  but  the  fact  of  their  grad- 
ual deterioration  cannot,  in  this  way,  be  established  so  compklely 
as  might  have  been  supposed.. 
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.  The  register  of  the  Royal  Observatory  at  Paris  has  only  bee« 
published  since  the  year  1816,  in  the  Annates  de  Chimie  ;  a  pe- 
riod which  is  not  sufficient  so  far  to  neutralize  the  annual  osciUa- 
tion  as  to  afford  the  means  of  a  satisfactory  comparison.  Mr 
Howard,  however,  in  liis  work  upon  the  climate  of  London, 
States  the  mean  height  of  the  Royal  Society's  barometer  for  tea 
years,  from  1797  to  1806,  to  be  29.882  inches,  while  for  the  ten 
succeeding  years,  it  is  only  29.849  inches,  which  give  a  depressioQ; 
9i  .033  in  tliat  interval. 

The  observations  of  the  IbUowbg  ten  years  "will  not,  I  fear,  be 
available  in  the  same  comparison,  from  the  carelessness  with 
which  they  have  been  made. 

The  d^erence  in  the  height  of  the  old  and  new  barometer, 
which  have  now  been  placed  side  by  side,  was,  in  the  latter  part 
of  the  year  1824,  .07  inch,  upon  a  mean  of  twenty  observations  ; 
the  new  barometer  standing  upon  the  average  so  much  higher 
than  the  old  one.  Whether  this  be  wholly  owing  to  detorioralion, 
it  is  not  possible  to  say  ;  for  the  old  barometer  does  not  appear 
to  have  been  boiled  :  but  from  the  well  known  accuracy  ol  Mr 
Cavendish,  under  whose  superintendence  it  was  constructed,  it  is 
imposable  not  to  ascribe  a  great  portion  of  it  to  this  cause.  The 
mercury  of  this  instrument  is  now  thiekty  studded  with  air-bubbles 
of  much  larger  size  dian  those  of  the  new  barometer :  and  when 
I  last  exammed  it,  some  of  them  were  just  upon  the  point  of 
making  their  escape. 

[7b  fte  amUnued,} 


Art.  XXVin.  JIfr  CkUdren^s  Summary  View  of  the  Atomic 
Theory  according  to  the  Hypothesis  adopted  by  Jff*  Berzdius. 
\Anin*  jrntc.j 

[CanHnuedJrom  page  193.] 

The  weight  of  the  atom  of  any  body  is  easily  determined,  if 
we  know  correcdy  the  compositicMi  of  one  or  more  of  the  combi- 
nations it  is  capable  of  forming;  with  any  other  body,  the  weight 
of  whose  atom  has  been  previously  ascertained.  Sulphur,  for 
instance,  combines  with  oxygen  in  several  proporti(xis ;  in  the 
fewest,  100  parts  of  sulphur  take  50  of  oxygen  ;  in  the  next, 
100 ;   and  the  third,  160  j*   numbers  which  are  in  the  ratio  of 

*  There  is  a  foarth  compound  formed  of  an  atom  of  sulphurous  acid  united  to  an 
atom  of  sulphuric  acid,  ana  containing  100  sulphur  +125  ozysen.    Its  atomic  oom- 
posidon  maj  be  suted  as  just  mentioned,  or,  as  consisting  of  3  atoms  sulphur  4*  6 » 
atoms  oxygen.    It  is  not  necessary  to  say  more  about  it  in  this  place. 
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1,  3)  3 ;  we  may,  therefi»«,  assume  thai' in  the  diftrent  oxydes 
an  atom  of  sulphur  is  united  successively  td  1,  2,  and  3  atoms  of 
oxygen,  and  the  supposition  is  supported  by  various  considera- 
tions of  the  other  combinations  of  sulphur,  as,  for  instance,  those 
of  the  sulphurous  and  sulphuric  acids.  The  lowest  compound, 
therefore,  may  be  considered  as  containing  an  atom  ot  each 
element,  and  if  .we  call  that  of  oxygen  8,  we  find  by  a  sample 
pr^ortion  that  that  of  the  atom  of  sulphur  is  16.* 

This  example  is  sufficient  to  show  the  method  to  be  adopted 
in  similar  researches,  and  it  is  evident  that  nviien  the  weight  of 
the  atom  of  any  one  body  is  ascertained,  it  may  be  employed  for 
determining  that  of  other  bodies. 

The  results  of  a  mineral  analysis  may  be  calculated  on  the 
atomic  theory,  and  the  inevitable  small  errors  of  experiment  cor- 
rected by  its  means. 

Suppose  we  have  found  that  a  sul[^uret  of  lead  is  compos- 
ed of 

Lead 86 

Sulphur '  .  14 

100 
Here  a  certain  number  of  atoms  of  lead,  whose  total  weight  is 
86,  were  combined  with  a  certain  number  of  atoms  of  sulphur, 
whose  weight  is  14.  If,  therefore,  we  divide  86  by  the  number 
representbg  the  weight  of  the  atom  of  lead  (which  we  find  in 
the  tables  is  104),  and  14  by  that  of  the  atom  of  sulphur,  (16), 
suppressing  the  decimal  point  in  both  cases,  we  find  that  the 
compound  contains  82  atoms  of  lead  and  87  atoms  of  sulphur, 
numbers  which  are  very  nearly  equal.  Hence  we  conclude  that 
the  mineral  is  composed  of  1  atom  of  lead  and  1  atom  of  sul- 
phur ;  and  if  we  calculate  the  results  which  our  analysis  ought  to 
give  on  this  supposition,  we  find  the  numbers  to  be 

Lead 86*66 

Sulphur 19*33 

which  accord  very  nearly  with  the  results  of  the  experiment. 

A  similar  operation  will  enaMe  us  to  find  the  atomic  compo- 
^on  of  all -other  binary  compounds,  whose  analysis  is  known. 

Let  us  now  take  an  instance  of  some  more  complex  com- 
pounds, and  calculate  them  on  the  data  and  numbers  assumed  by 
Berzelius.f 


*  I  adopt  tho  numben  given  by  Bnnde  and  Phillips,  in  which  hydrogen  is  taicen 
as  onHy. 
t  In  wtiich  oxygeii  s  loo.   The  ezanplei  are  taken  ftom  Bendaot,  p.  tS6»  et  seq. 
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Suppose  an  analysis  of  raolybdate  of  lead  (a  ternary  combina- 
tion) had  given 

Oxide  of  Lead 61 

Molybdic  acid 39 

100 

We  find  in  the  annexed  table,  that  the  quantity  of  oxygen  in 

oxide  of  lead  is  7*171  per  cent,  and  that  in  molybdic  acid  33*45; 

consequently  61  of  the  former  contain  4*37  of  oxygen,  and  39  of 

the  latter  13*04 ;  but  4*37  :  13*04  : :  1  :  3 ;  or  die  oxygen  of 

the  acid  is  three  times  tliat  of  the  base ;   but  we  observe  in  the 

tables  that  the  base  contains  only  2  atoms  of  oxygen,  whilst  the 

acid  contains  3  ;   therefore  to  preserve  the  ratio  of  1  :  3,  there 

must  be  2  atoms  of  acid  to  1  of  base.     The  results  of  the  analy- 

sb  calculated  on  these  data  give 

Oxide  of  lead 60-86 

Molybdic  acid 39.14 

100*00 

Let  us  next  take  an  analysis  of  copper  pyrites,  and  suppose 
tliat  it  has  given  us 

Copper 34 

Iron .^ 30 

Sulphur :  ...  36 

100 

The  atom  of  copper  by  the  table  is  791*39;   that  of  iron 

678*43.     Therefore  ^^^^  =  429  atoms  of  copper ;  ^^^^  = 

442  atoms  of  iron,  and  =  1789  atoms  of  sulphur.     Now 

these  numbers  are  nearly  as  1,  1  and  4,  and  consequently  the 
sulphur  must  be  equally  divided  between  the  two  metals,  so  as 
to  form  bisulphurets,  each  containing  1  atom  of  metal,  and  2 
atoms  of  sulphur.  If  we  calculate  the  composition  of  the  pyrites 
according  to  these  numbers,  we  shaD  have 

Bisulphuret  of  copper 52*48 

Bisolphuret  of  iron 47*52 

100.00 
Or  if  we  take  the  elements  separately. 

Copper 3479 

Iron 29-82 

Sulphur    35-39 

100*00 
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which  agrees  very  nearlj  with  the  experimental  results^  and  con- 
firms their  accuracy. 

Let  us  now  take  the  analysis  of  a  quaternary  compound,  a 
variety  of  emerald,  which  gave 


Silica 68-64  or  oxygen  34*52  =  8 

Alumina 17-96  8-38  =  2 

Glucina ,  .  .  .  .  13-40  4-17=1 

100-00 

By  the  tables,  we  find  the  respective  quantities  of  oxygen  in 
the  three  elements  of  the  mineral  as  stated  above.  Now  we 
may  consider  this  compound  (says  M.  Beudant)  in  two  ways, 
either  as  comiisting  of  one  base  (ghicina)  united  to  a  double  acid 
(silica  and  alumiaa),  or  as  a  double  sah  formed  of  the  silicate  of 
alumina  and  silicate  of  glucina ;  both  views  lead  to  the  same 
conclusion.  In  the  first  case  the  mineral  is  supposed  to  ccmsist 
of  2  atoms  of  acid  f  composed  of  4  atoms  of  silica  and  1  atom  of 
alumina)  combinea  with  1  atom  of  glucina.  In  the  sec<»id 
manner  of  considering  the  compounds,  the  general  law  proposed 
by  Berzelius  requires  that  the  acid  of  one  of  the  salts  should  be 
a  multiple  by  a  whole  number  of  the  acid  of  the  other,  which 
may  happen  in  different  ways,  but  in  consequence  of  the  ten- 
dency 01  glucina  to  form  salts  with  excess  of  acid,  the  most 
ample  mode  is  to  consider  the  silica  as  equally  divided  between 
die  two  hoses,  which  gives  us  a  quadrisilicate  of  glucina  and  a 
bisilicate  of  alumuia.  The  first  of  these  salts  contains  4  atoms 
of  silica  and  1  atom  of  glucina,  forming  1  atom  of  quadrisilicate ; 
the  second  contains  4  atoms  of  silica,  and  2  atoms  of  alumina, 
forming  2  atoms  of  bisilicate,  because  all  the  oxides  contain  the 
same  number  of  atoms  of  oxygen.  The  composition  of  the  min^ 
eral  on  the  first  supposition  is, 

Quadrisilicate  of  alumina 86-38 

Glucina 13-72 

100-00 
And  on  the  second, 

Quadrisilicate  of  glucina 47*71 

Bisilicate  of  alumina 53*29 

lOOOO 
which  are  composed  of 

SiUca 83-99 

Glucina   . 13-72 

Silica 33-99 

Alumina 18-30 

100-09 
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Or, 

Silica 67-96 

Glucina 13-72 

Alumina 18-90 

lOCHX) 
Let  us  take  another  example  of  a  quaternary  compound  as  a 
eood  specimen  of  the  mode  of  reasoning  adopted  in  mese  calcu- 
lations. 
The  analysis  of  zoisite  giv^s 

Os»   Atom* 

Alumina 33  =  15-42  =  2 

Silica 43«31-e2<=3 

a4«ft  6»74«1 


100 
In  this  case  the  silica  must  be  so  divided  between  the  two 
bases  as  to  form  a  silicate  of  alumina  containing  2  atoms  of 
alica  and  2  atoms  of  alumina,  and  a  silicate  of  Ume,  in  which 
the  quantity  of  the  oxygen  in  the  acid  is  equal  to  that  in  the 
oxide ;  the  oxygen  in  die  first  salt  is,  therefore,  double  the  oxy- 
gen in  the  second.  Now  lime  contains  2  atoms  of  oxygen,  and 
silica  3  atoms ;  consequently  to  preserve  the  equality  of  oxygen 
in  the  two  bodies,  there  must  be  3  atoms  of  lime  and  2  atoms  of 
silica.  The  total  quantity  of  oxygen  in  this  silicate  is,  therefore, 
12,  and  that  in  the  silicate  of  alumina  24 ;  but  in  that  compound 
there  are  only  6  atoms  of  oxygen  ;  therefore  the  salt  must  con- 
tain 4  atoms  of  silicate  of  alumina.  According  to  this,  we  have 

Silicate  of  alumina 59*47 

Silicate  of  lime 40-53 

100-00 
which  are  composed  as  follows  : 

Alumina 30-66 

Silica 28-81 

Lime    2613 

Silica V  14-40 

Or, 

Alumina 30-66 

Lime 2613 

Silica 43-21 

Hence  if  the  substance  operated  on  was  pure,  a  small  portion 
of  lime  has,  in  the  analysis,  been  confounded  with  the  alumina. 

As  another  example,  and  one  well  worthy  to  follow  the  pre- 
ceding, we  will  taxe  the  analysis  of  a  variety  of  topaz.  The 
results  gave 


r 
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Oi. 

Alumina 59  =  37*553=5 

Silica .  .  34  =  1710  =  3 

Fluoric  aeid 7=  M9=  1 

100  ' 

We  may  consider  this  mineral  either  as  a  compound  formed 
by  the  combina.tioii,  of  a  double  acid  (silica  and  fluoric  acid) 
with  alumina;  or  as  a  double  salt^  .conasting  of  one  base 
united  to  two  difl^ent  acids ;  that  is,  as  a  fluate,  and  a  silicate 
of  alumina.  In  this  instance,  the  alumina  naturally  divides 
itself  into  two  portions,  whose  quantities  of  oxygen  are  3  and  2 
The  first  portKXi  is  combined  with  a  quantity  of  silica,  contain- 
ing 3  atoms  of  oxygen,  and  forms  a  siliciae ;  the  second  is  com- 
bmed  with  a  quantity  of  fluoric  acid,  whose  oxygen  is  1.  Hence 
it  follows  that  the  oxygen  of  the  first  salt  is  to  the  oxygen  of  the 
serond  in  the  ratio  of  6  :  3,  or  3  :  1.  Now  fluoric  acid  contains 
3  atcHns  of  oxygen,  and  alumina  3 ;  the  bi-ahiminous  fluate  must, 
di^efore,  be  foimed  of  4  atoms  of  alumina  and  3  atoms  of  acid, 
in  order  to  peserre  die  ratio  of  2  :  1 ;  the  oxygen  of  this  sak, 
therefore,  is  18 ;  but  an  atom  of  silicate  of  alumina  contains  only 
6  atoms  of  oxygen,  because  these  two  oxides  have  each  3  atoms ; 
and  as  the  oxygen  of  the  silicate  must  be  double  that  of  the 
fluate,  there  must  be  in  this  compound  6  atoms  of  silicate.  Od 
these  data  topaz  is  formed  of 

Silicate  of  alumina 68*70 

Bi-aluminous  fluate 31*30 

100-00 
Or,  taking  the  elements  separately, 

Silica 3300 

Alumina 35*72 

Fluoric  acid    7*61 

Alumina 23*67         ' 

100-00 

Or, 

SiUca 33*00 

Fluoric  acid 7*61 

Alumina 59*39 

j  •     

100-00 
Or,  on  the  first  hjrpotfaesis, 

Fiuo-silicic  acid  .  .  .  .  , '40-61 

Alumina 59*39 

lOOKlO 
Bost.  Jour.  Jan.  ^  Feb.  1826.        34 


•66  M"  OkiUim'M  Smmarjf  Vimaf 

In  his  JVotireatt  Systime  Miniralqgique^  Berzelius  frequently 
calculates  the  results  of  the  analyses  of  'minerals  ^^onsisUng  of 
metallic  alloys,  or  sulphurets»  from  .the  quantity  of  oxygen  which 
each  ingrectient  would  take  Uf  reduced  to  proportionate  degrees 
of  oxidation. 

An  ore  of  aDdmoniated  silver,  analysed  by  Klt^roth,  gave 

Silver   . 77 

Antimony  .  .  .  •  • «  93 

100 

ind  its  atomic  constitution  is  thus  calculated  by  Berzelius^* 

Ar^nt      77  ?  prenant  oxyg^ene  in  degria  ^  5.796.  Ql  77 
Antimoine  23 1  proportioneli  d'oxidation.    (  2,850.  1.  23 

Now  the  weights  of  the  Moms  of  silver  and  antimony  in  Ber* 

teMus's  table  are, 

Silver «2703 

Antiniony =  1613 

and  the  protoxide  of  silver  contains  2  atoms  of  oxygen,  and  that 
of  antimony  3,  and  no  lower  states  of  oxidation  of  either  metal 
are  mentioned : 

2703  :  200  ::  77  :  5"i59 
1613  :  300  ::  28  :  4-37 

*  But  5*69  :  4*27  is  not  in  the  ratio  of  2  :  1 ;  to  obtain  which, 
and  reduce  the  metals  to  a  proportionate  degree  of  oxidation, 
recourse  is  had  to  an  imaginary  oxide  of  antiniony,  at  a  lower 
degree  of  oxidation  than  the  lowest  known  oxide  m  that  metal ; 
and  it  is  consequendy  assumed  that  the  23  parts  of  antimony,  if 
reduced  to  the  state  of  oxide,  would  require  only  two-thirds  as 
much  oxygen  as  by  the  tables  they  ou^  to  take*  Is  this  good 
kgic.^ 

We  have  now  to  exhibit  the  method  inyented  by  the  same 
philosopher  for  denoting  the  compoisition  of  chemic^al  compounds 
by  s^bols,  ^*  in  order  to  facilitate  the  expression  of  the  pro- 
porti<His  of  their  elements,  and  to  enable  us  to  state  briefly  and 
easily  the  number  of  elementary  atoms  which  any  of  them  may 
contain."    The  nomenclature  is  whdUy  taken  from  the  Latin. 

1.  Simple  bodies  not  metallic  are  denoted  merely  bv  the  initial 
letter  of  the  Latin  name  of  each  substance,  even  tnough  the 
same  letter  be  conmion  to  some  of  the  metals ;  thus  S  =  sulphur ; 
C  =  carbonicum,  P  =  phosphorus,  B  =:  IxMracium,  (boron),  &c. 

2.  A  metal  whose  initial  letter  is  not  common  to  any  other 

elementary  body  is  denoted,  like  the  preceding  substances,  by 

«- —         ■  ■  ■  ■     -  -  -        ...       ■ 

*  Nouyeau  Systeme,  p.  50. 
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the  letter  alone,  as  U  =  uiBiiitiiiif  K  =  kalhim  (potasanm),  L 
=  lithium,  &c. ;  but  if  the  iuitid  be  common  to  another  metal, 
or  to  either  of  ^  ample  non-metallic  substances,  then  the  two 
first  letters  are  taken,  as  Si  =  silicum,  Au  =  aurum,  be. ;  but 
if  both  of  the  first  and  second  letters  be  common  to  vosxe  than  one 
metal,  then,  instead  of  the  $eitond  letter  of  the  name,  ibefirH 
different  consonant  is  annexed  to  the  initial  letter.  Thus  oi  = 
stibium,  Sn  =  stannum.  Sic. 

The  chemical  sign  <Hily  denotes  a  sbgle  atom ;  if  it  be  nece»> 
saiy  to  express  more  than  one  atom,  a  figure  is  placed  to  the 
left  of  the  sign  ;  thus,  Cu  -|-  O,  denotes  oxidulous  copper,  and 
Cu  4-  S  O,  oxide  of  copper ;  but  as  this  method  would  be 
inconveniently  long  fisr  expressing  the  composition  of  a  com- 
poimd  of  the  second  order,  BeraeBus  abridges  it  by  omittbg  the 
fetter  O,  and  denoting  the  atoms  of  oxygen  by  dots  placed  over 
the  sign  of  the  base,  the  number  of  dots  indicating  that  of  th^ 
atoms  of  oxygen  combined  with  it.     The  oxides  of  o^per,  for 

instance,  instead  of  the  preceding  signs,  are  indicated  by  Cti, 
and  Cu  ;  the  sign  of  sulphurous  acid  is  S,  that  of  sulphuric  acid 

'S,  and  so  on  ;   and  in  the  salts  of  copper  Cu  *§*,  =  oxidulous 

••    ••• 

sulphate  of  copper,  and  Cu  S',  sulphate  of  copper;  the  litde 
fgure  placed  aJbove,  like  an  algebraical  exponent,  incdcatbg  that 
in  the  latter  compound  there  are  2  atoms  oi  sulphur  or  sulphuric 
acid  to  1  of  base. 

The  composition  of  atoms  of  the  third  order  is  denoted  afiar 

••    ••         ••     •• 

ike  same  mann» ;  for  instance,  Ca  C^  -f"  ^  C'  represents  the 
iBuiieral  cafled  dolomite^  which  is  composed  of  an  atom  of  ear* 

bonaie  of  lime,  and  an  alom  of  caibonate  of  HMgnesia*    Tha 

«•  •••  ■••    ••• 

formula  for  alum  is  K  S'  -|-  2  AL  S'  -|-  48  Aq ;  and  indicates 
its  composition  to  be  1  atom  of  sulphate  of  potash  -f-  3  atoms  of 
sulphate  of  alumina  -f-  48  atoms  of  water  (aqua).  The  smal 
exponential  figure  refers  only  to  the  initial  sign  immediately 
precedmg  it ;  but  the  coefficient  applies  to  each  element  con* 
tained  between  the  »gn  -|- ;  as,  for  instance,  in  tile  precedine 
examples,  tiie  exponent  *  means  that  3  atoms  of  sulphuric  acid 
combine  with  the  atom  of  alumina  to  form  the  sulphate,  and  the 
coefficient  denotes  tiiat  2  atoms  of  that  sak  are  taken. 

So  far  the  symbols  are  tolerabty  sknple  and  intdli^Ue ;  but 
we  firequendy  meet  with  such  expressions  as  the  Avowing  >^ 

Al'Si,  silicias  aluminicus;  Al«  ^,  silicias  bialuminicus ;  Ca*  Si^, 

solicias  calcicus;   Ca^  Si*,  bisihcias  calcicus ;  Al  S^,  sulphas 
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akiminicus;  Ai  S,  sulphas  trialummicus ;  Ca  S*,  sulphas  calci- 
cus,  fyc,  which  require  a  litde  further  explanation. 

In  order  to  understand  the  meanmg  of  these  and  similar  for- 
mulae, it  is  necessary  to  state  some  pecuEarities  in  BerzeMus's 
views  with  respect  to  the  composition  of  certain  bases. 

If  we  refer  to  Thomson's  or  Phillips's  table  of  the  weights  of 
atoms,  we  shaU  find  that  lime,  baryta,  stronuta,  alumina^  mag- 
nesia, be.  as  well  as  most  of  the  protoxides  of  die  conmion 
metals,  as  lead,  iron,  tin,  mercury,  £cc.  be.  contain  respectively 
I  atom  of  base  and  1  atom  of  oxygen.  But  Berzelius  considers 
them  as  containing  2,  and  some  of  them  3  atoms  of  oxygen,  for 
the  following  reason  : — "If  we  take,"  he  observes,  "  a  comfune- 
hensive,  general  view  of  the  compound  bodies  that  have  been 
correctly  analyzed,  we  find  that  many  of  them,  particularly  the 
oxides,  contain  decidedly  more  than  2  atoms,  and  that  it  most 
fipequently  is  the  electro-negative  element  which  enters  in  a 
greater  proportion  than  that  of  a  single  atom ;  soda,  oxide  of 
lead,  carbonic  acid,  sulphuric  acid,  be.  may  be  quoted  as  famii- 
iar  instances.  This  is  still  more  observable  in  the  combinations 
of  compound  atoms,  as  in  the  salts,  where  several  atoms  of  the 
electro-negative  oxide  are  commonly  found  united  to  a  single 
atom  of  the  electro-positive.  On  die  other  hand  there  is  every 
reason  to  believe  that  the  atoms  are  only  united  one  to  one  in 
those  bodies  which  manifest  weak  affinities,  as  the  gaseous 
oxide  of  carbon,  the  oxidules  of  copper,  mercury,  gold,  be. ;  so 
that  we  may  presume  diat  all  bodies  composed  of  an  atom  of 
base  and  an  atom  of  oxygen  have  more  or  less  the  characters 
of  sub-oxides.  It  appears,  moreover,  certain,  diat  the  atoms  of 
the  stronger  acids  and  bases  contain  more  than  one  atom  of 
oxygoi.  Since  the  number  of  simple  atoms  in  a  compound 
atom  must  necessarily  influence  the  form,  and  oonsequentiy  the 
properties  of  the  latter,  we  have  a  right  to  suopose  that  oxides 
whM^h  contam  the  same  number  of  atoms  of  oxygen,  have  at 
least  some  general  properties  in  common  which  distinguish  them 
ficom  those  that  have  either  a  greater  or  a  less  number.  Thus, 
as  we  have  reason  to  presume  that  the  oxides  which  contain 
ooly  1  atom  of  oxygen  have  the  weakest  affinities,  we  find  a 
whole  series  of  more  strongly  marked  salifiable  bases,  in  which 
the  number  of  the  atoms  of  oxygen  must  be  twice  as  great  as  in 
the  former,  and  therefore  it  is  probable  that  all  the  stronger 
base?  contain  two  atoms  of  oxygen.  Those  which  contain  three 
atoms  of  oxygen,  on  the  contrary,  are  weaker,  and  many  of  them 
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may  even  be  elecoro-negatiye  with  respect  to  some  of  the  electio- 
positive  oxides  ;"*  that  is,  act  as  acids. 

Amoiigst  the  stronger  bases,  BerzeUus  includes  all  the  alka<« 
lies  and  aJkaline  earths,  the  protoxides  of  lead,  silv^,  cadmium, 
iron,  copper,  dn,  zinc,  &c.  but  alumina,  silica,  and  some  others^ 
as  may  be  seen  in  the  table  at  the  end  of  this  abstract,  he  consid* 
ers  as  containing  3  atoms  of  oxygen* .  Now,  having  laid  down 
this  arbitrary  law,  two  consequences  follow,  which  the  student 
must  keep  in  mind,  or  he  will  be  liable  to  M  into  error  when  he 
endeavours  to  translate  the  fcHtnulie  into  common  languaee,  or 
compares  Berzelius's  atomic  weights  with  those  ol  £iglish 
authorsk  The  first  is,  that  to  preserve  the  proportion  between 
the  weight  of  the  oi^ygeo  and  that  of  the  base,  as  found  by  analy- 
sis, BeraeUije  has  been  obliged  to  dwble  the  weights  of  the  atoms 
of  aU  those  elementary  substances  whose  protoxides  he  consid^ 
ers  as  containing  two  atoms  of  oxygen,  and  to  treble  those 
which  contain  three.  Thus  the  protoxide  of  lead,  according  to 
the  table  (see  oxidum  plumbtcum)  contains  per  cent*  92*83  lead, 
and  7*171  oxygen,  and  7-171  :  92*83  ::  lOOf  :  1294*5;  but 
the  weight  of  the  atom  of  lead  in  the  table  b  just  double  that 
number,  viz.  2589.  Agam  the  composition  per  cent  of  alumina 
is  aluminum  &3*3»  oxygen  46*7,  and  46*7  :  53*3  ::  100  :  114*11 ; 
which  is  just  one-*thii*d  of  the  tabulaiTt  weight  of  the  atom  of 

Bfcnnioum,  viz.  342*33.}  Hence  the  expression  C  S'  means  the 
neutral  sidphate  of  lime,  and  not  the  bisolphate  which  at  first 
view  we  should  probdi)ly  suppose  it  to  represent,  for  as  the  lime 
contains  two  hypothetical  atoms  oS  oxygen,  the  salt  must  also 
contain  two  hyp<rthedca)  atoms  of  acid,  or  the  canon  wooM  be 
violated  wfaieh  requires  that  the  oxygen  of  the  aoid  should  be  a 
niulti{rie  by  a  whole  number,  of  the  oxygen  of  the  base.  Hence 
lAen  we  find  such  a  symbol  as  the  preceding,  and  wish  to  read 
it  correcdy,  we  must  remember  that  all  the  atoms  are  doubled, 
and  consequendy  represented  by  numbers,  which,  to  reduce 
them  to  those  of  English  authors,  must  be  divided  by  2.    In  like 

manner  in  the  expression  Al  S'  (sulphate  of  alumina],  all  the 
atoms  are  trebled.  As  three  to  one,  according  to  Berzelius's 
views,  represents  a  neutral  salt,  so  an  equal  number  of  atoms  of 
acid  and  base  represents  a  sah  vnth  excess  of  hose  ;   and  accord- 

ingly  we  have  Al  S,  signifying  sulphas  trialuminicus. 

*  EtnU,  p.  114,  et  aoq.  f  Tbe  wekhtofan  fttnnof  omen. 

X  To  reduce  Beizeliui*!  numben  to  Thornton's,  divide  by  100 ;   and  to  reduce 
them  to  Brande*8,  mnltiply  by  j^^.   Berzelius's  number  for  alumina  accords  pretty 

nearly  with  Thomson's,  but  not  with  Biande's  or  Phillips's.  I  l^elieTe  the  former  te 
be  oonect—C. 
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We  have  not  yet  quite  done  with  these  tumrfe  vie\^ ;  another 

formula  remains  to  be  nodced,  namely,,  that  of  Al  Si.  After 
what  we  have  just  shown  respecting  the  sulphas  trialuminicus, 
the  reader  win  probably  suppose  that  this  expression  means 
ailicias  trialumimcus.  No  such  thing;  it  is  the  neutral  com^ 
pound,  silicias  aluminicus.  But  with  respect  to  this  inconsisteDcyy 
near  Berzelius's  own  confession. 

^^I  must  here  point  out  a  little  inconsistency  which  I  have 
committed  in  the  nomenclature  of  the  silicates,  by  applybg  the 
term  nliciai  to  combinations  in  which  the  oxygen  of  the  base  is 
equal  to  that  of  the  silica.  The  analogy  of  silica  with  acids  con* 
taining  3  atoms  of  oxygen  would  require  that  this  appeUaticHi 
diould  be  given  to  those  compounds  in  which  the  oxygen  of  the 
silica  is  three  times  that  of  the  base*  It  is  evident  that  these  are 
the  true  neutral  silicates,  and  that  the  first  are  salts  with  excess 
of  base,  since  the  alkalies,  by  decomposing  a  silicate  with  the 
assistance  of  beat,  always  reduce  it  to  that  point  at  which  the 
silica  and  the  base  contain  equal  quantities  of  oxygen.  However^ 
as  the  study  of  the  silicates  belong  principally  to  that  branch 
of  chemistry  which  is  chiefly  aj^ed  to  mmeralogy,  and  as  die 
nomenclature  of  the  numerous  degrees  of  saturaticm  of  silica 
becomes  much  more  easy  by  this  method,  I  have  thought  it  right 
to  adopt  It.* 

Now  realk  if  the  symbds  are  intended  *^to  facilitate  the 
expressioa  of  the  proportioos  of  tl^  etements  of  chemical  com* 
pounds,  and  to  enable  us  to  state  briefly  and  ea^y  the  number 
of  elementary  atooos  which  say  of  them  may  contain,"  we  can 
hardly  conceive  imy  contrivance  less  calculated  to  answer  its 
purpose !  For  here  in  the  very  same  table  we  have  two  expres- 
sions of  precisely  the  same  land,  denoting  two  very  difl^eitt 

sorts  of  compounds,  Al  St,  represendng  the  neutral  silicate  of 

tiumina,  and  Al  S  a  sulphate  of  the  same  base. 

Again  Ca^  Si*  denotes  one  natural  salt,  silicate  of  Sme,  and 
Ca  S'  another  equally  neutral  compound,  sulphate  of  fime. 

The  formula  Ca^  Si'  represents,  as  we  have  just  stated,  the 

sciUcate  of  lime,  uid  Ca'  Si^  the  faisUicete ;  the  add  of  the  first 
containing  the  same  number  of  atoms  as  the  base,  and  that  of 
the  second  twice  as  many,  so  that  these  brirfwad  easy  statements 
require  the  reader  to  multiply  the  dots  over  each  letter  by  their 
re4>ective  exponents,  and  then  compare  the  ratios  of  the  pfo- 
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ducts  before  lie  cia  tell  whether  die  salt  be  neutral,  super«%cid» 
or  with  excess  of  base.  This  indeed  is  easy  enough  in  the  two 
instances  just  mentioned,    but  it  will  probably  require  some 

reflection  before  the  reader  perceives  the  meaning  of  ¥*e'  S*  + 

6  Pe  S*  +  '7^  ^^9  ^^^  fi^^  ^"^  ^^  i^  means  sulphas  Uferroso^ 
ferricus  cum  aqua. 

[To  he  continutdJ] 


Art.  XXIX.  Remarks  en  Mr  CoUmm^s  Theory  of  Parol'- 
Id  Lines,  ^c.  By  Theoooiue  Strong,  Professor  of  Mathe- 
matics, be.  in  Hamilton  College. 

I  HATS  nodced  m  the  Boston  Journal,  of  October  182d,  a 
New  Theory  of  parallel  lines,  by  Warren  Colbum,  Esq.  which 
I  thmk  mconclushre  for  the  following  reasons :  First.  Mr  Col- 
bum defines  parallel  straight  lines,  to  be  those  which  are  so  situ- 
ated, as  to  be  equidistant  throughout  their  whole  extent.  Now 
it  seems  to  me  that  Mr  Colbum  ought  to  have  shown,  that  this 
definidon  is  not  inconsistent  with  the  definidon  of  a  straight  line ; 
in  other  words,  that  it  is  possible  for  two  straight  lines  to  be  equi- 
distant throughout  according  to  his  definidon ;  my  views  may  be 
illustrated  as  follows :  (see  Mr  Colbum's  Fig.  2d.).  Let  AB 
be  a  straight  line,  and  suf^se  that  CD  is  another  line  which  is 
such  that  the  perpendiculars  drawn  fi*om  CD  to  AB  shall 
always  be  equal  to  each  other.  Now  I  do  not  perceive  that 
Mr  Colbum  has  any  where  shown  that  CD  must,  according  to 
this  construction,  be  a  straight  fine.  But  perhaps  I  shall  be  told, 
that  it  is  so  evident  as  to  require  no  proof.  I  answer  that  it 
i^npears  no  more  evident  to  my  mind,  than  "  the  disputed  propo- 
sition," which  Mr  Colbum  ultimately  endeavours  to  prove,  by 
the  aid  of  his  definidon,  8z;c. 

Second,  Grandng,  for  the  sake  of  argument,  that  the  defini- 
tioD  is  perfecdy  unexceptioDable.  I  think  that  the  proof  of  Mr 
Colbum's  first  proposidon,  in  which  he  undertakes  to  show  that 
the  akemate  an^es  be.  are  equal,  is  incooclusive.  For  he  as- 
sumes that  the  perpendiculars  HK,  IL,  are  equal,  (see  his  Fis. 
3d.)  HK  denodng  any  perpendicular  from  AB  to  CD,  and  iL 
in  like-  manner,  denoting  any  perpendicular  firom  CD  to  AB.  I 
do  not  see  how  this  follows  irom  the  definidon,  for  supposing  that 
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the  perpendiculars  from  CD  to  AB  are  always  equal  to  each 
other,  how  does  it  appear,  that  the  perpendiculars  from  AB 
to  CD  are  also  equal  to  each  other  f  But  supposing  that 
these  perpendiculars  are  equal  to  each  other  also,  where  is  the 
proof  that  the  perpendiculars  to  AB  are  equal  to  those  drawn  to 
CD.  I  do  not  find  any  satisfactory  answer  to  these  questions 
(nor  indeed  is  there  any  attempted)  in  Mr  Colbum's  paper.  I 
conclude,  therefore,  that  he  intended  his  readers  should  receive 
them  as  axioms.  But  are  they  more  evident,  or  indeed  so 
evident,  as  the  "  disputed  proposition  ?"  Once  more.  It  will 
perhaps  be  answered  to  all  that  has  been  said,  that  the  definition 
means  that  the  perpendiculars  to  AB  shall  be  equal  to  the  per- 
pendiculars to  CD.  I  answer,  if  this  be  the  meanii^,  that  the 
perpendiculars  to  AB  must  also  be  equal  to  each  other,  and  at 
the  same  time  the  perpendiculars  to  CD  must  be  equal,  for  the 
perpendiculars  to  AB  are  each  equal  to  HK,  and  of  course  must 
be  equal  to  each  other ;  also  the  perpendiculars  to  CO  are  each 
equal  to  IL  and  of  course  to  each  other-;  therefore  since  HK  =i 
IL  bv  the  definition  we  must  have  all  the  perpendiculars  to  AB 
equal  to  each  other,  and  at  the  same  time  the  perpendiculars  to 
CD  must  equal  each  other ;  I  ask  now,  where  Mr  Colbum  has 
exhibited  any  proof  of  the  possibility  of  this  in  his  investigations. 
In  conclusion  I  must  observe,  that  it  does  not  appear  to  me,  that 
Mr  Colbum  has  in  the  least  degree  removed  the  difficulties 
attending  the  theory  of  parallel  straight  lines. 

I  have  not  made  the  above  remarks  fi-om  a  desire  to  find  fault 
with  Mr  Colbura's  performances.  1  can  assure  him  that  I  have 
great  respect  for  him  as  an  able  madiematician,  and  a  man  of 
science ;  but  I  thought  that  the  subject  of  parallels  was  of  so 
much  importance  that  his  communication  ought  not  to  pass 
without  animadversion. 

Hamilton  College,  Clinton,  J^f.  Y.  Dec.  21, 1826. 
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Art.  XXX.— *0»  the  Diameter  of  Screws,    By  James  Dxan, 

A.  M.  A.  A.  S. 

Ete&t  attentive  student  must  have  been  surprized,  on  his  first 
examining  the  investigation  of  the  mechanical  powers,  at  finding 
that  the  diameter  of  me  screw  was  not  an  element  m  expressing 
the  ratio  of  the  power  to  the  weight  necessary  to  produce  motion ; 
and  that,  other  things  being  equal,  die  diameter  of  the  cylinder 
may  vary  ad  infinitum  without  m  the  least  affecting  that  rado. 
That  reducing  or  increasing  the  diameter  to  an  extreme  degree, 
the  distance  of  the  threads  remaining  the  same,  will  diminish  the 
efiect  of  any  given  power,  will  be  universally  admitted  without 
any  very  mce  rea^ning  on  the  sabject  But  it  seems  far  fiom 
being  useless  to  ascertam  the  exact  diameter,  which,  under  any 
given  circumstances,  will  enable  a  given  power  to  produce  the 
greatest  efiect 

For  this  purpose  take  the  equation  given  by  Bossut,  TVaite 
ie  Mec.  art.  274. 

O  —  P  V  <^/>  X  (AB  +  n  X  cir.  Cp) 
^^  ^  CQx  (dr.  Cp  —  n  X  AB)' 
wherein  P  represents  the  weight  acting  m  the  direction  of  the 
axis,  Q  =  the  power  necessary  to  balance  it  together  widi  the 
fricdon,  CQ  =  its  distance  fi-om  the  axis,  AB  =  th^  distance 
of  the  threads  taken  parallel  to  the  axis;  Cp  =  the  radius  of 
the  cylinder,  and  n  =  the  ratio  of  the  friction  to  the  pressure, 
wliich,  between  the  same  surfaces,  is  found  by  Amontons,  Parent, 
Coulomb,  &c.  to  be  very  nearly  constant,  and  commonly  about 
one  third.  In  order  to  find  the  value  of  Cjp,  when  Q  is  a  mini- 
mum, the  other  quantities  remaining  constant,  P  and  C  ©being 
omitted,  as  afiecting  all  the  terms  equally,  let  Cp  =  a?,  •/2j&  =  A, 

and  ;c  =5  6*28,  Sec.  and  the  firaction  will  become  — ^ — r — , 

'  nx  —  Alt 

which  has  its  least  value  when  its  differential, 

hnxdz-^^^nji*  x*  dx — ^A^ncfx— 2An«  nxdx — ^A«-i  J»— «;c*  x*  dx 


nx  —  hn 
=  0,  whence  ji^oj*  — 2AnJia:  =  A*,  and  »a:  (the  circumfe- 
rence of  the  screw)  =  A  X  (»  +  \/l-f-n«),  whence  the  diam- 
eter may  be  computed  as  usual. 

From  Bossut's  formula  it  appetm  thtt  when  hn^&nx^  that  is, 
when  the  eircimiftrettce  of  the  screw  :  dlie  distuic^  of  the  tbreadg 
: :  the  friction  :  the  preflsure,  the  deoomifiator  beeomei  o,  mi 
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therefore  the  power  Q  must  become  infinite,  or  the  effect  o. 
When  this  is  the  case,  if  A,  or  the  perpendicular  height  of  the  in* 
clined  plane,  formed  by  one  revolution  of  the  thread  be  taken 
=  1  or  radius,  then  n  =  the  circumference  of  the  cylinder,  or 
base  of  the  plane,  or  cotangent  of  the  angle  contained  between 
any  thread  and  a  plane,  perpendicular  to  the  axis.  Let  this  an- 
gle be  called  a,  then  n  =  cot.  a  =  — J  ■     ^ ,  by    an.    trig. 

whence  cot. ^  ^a — 1=2 n. cot. ^ a,  and  cot. ^a^zn-^- y^l  -[-««, 

which  is  precisely  the  value  of  the  circumference  given  by  tlie 
differential  calculus  when  the  effect  is  greatest,  so  diat  the  angle 
of  inclination  at  which  the  greatest  effect  is  produced  is  exacdy 
half  of  tliat  angle  which,  with  the  same  degree  of  friction,  is  tlie 
limit  of  all  effect. 

It  hence  appears  that  screws  are  commonly  made  much  too 
large  in  proportion  to  the  distance  of  the  threads,  to  produce  any 
given  effect  widi  the  least  power.  Thus,  suppose  it  be  desired 
to  produce  a  pressure  equal  to  ten  tons  with  a  screw  whose 
threads  are  one  inch  asunder,  lever  eight  feet  long,  and  friction 
one  third  the  pressure ;  if  the  screw  be  six  inches  in  diameter, 
the  power  must  exceed  2751b,;  if  the  diameter  be  only  t^^^o  inch- 
es, any  power  greater  than  1221b.  will  be  sufficient.  If  the  fric- 
tion amount  to  half  the  pressure,  the  dimensions  still  remaining 
unaltered,  the  powers  corresponding  to  the  same  two  diameters 
will  be  398  and  1681b.  respectively.  The  least  powers  with 
these  two  degrees  of  friction  would  be  721b.  and  98Ib.,  and  re- 
quire diameters  only  0*4416  in.  and  0*515  in.  respectively,  but 
no  substance  known,  when  reduced  to  even  twice  these  dimen- 
sions, would  have  strength  enough  to  resist  die  torsion.  It  ap- 
pears therefore  that  a  screw,  as  an  engine  of  force,  with  any 
given  distance  of  thread,  ought  to  be  made  as  small  as  the 
strengtii  of  the  material  will  admit.  In  order  to  ascertain  by 
computation  the  middle  course  between  wasting  materials,  labor, 
and  power  on  one  hand,  and  hazarding  the  failure  of  die  ma- 
chine on  the  other,  we  may  adopt  the  conclusion  arrivjed  at  in 
the  En.  Br.  U  Ed.  En.  "  diat  in  resisting  torsion  die  whole 
lateral  cohesion  is  exerted  at  J  the  radius  of  the  cylinder  firom 
the  centre."  The  notation  of  Bossut's  formula  being  retained, 
and  S  being  put  for  die  lateral  cohesion  of,  a  square  unit  of  the 

substance  used,  the  area  of  a  section  is  — ^ ,  and  its  strength  — ^ — , 
dien  CQ  :  J  ; :  — ^ —  :  «-^7t  =  die  force  of  die  cohesion  at 
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P       li  X  I  n  7t  X* 
the  end  of  the  lever,  which  being  put  =  Q  =  j^  X  — rzZl — ' 

and  the  equation  reduced  gives  x^ x^ ^ — a?  =-^—5-, 

in  which  if  the  known  quantities,  including  F  and  £>,  are  properly 
substituted,  the  value  of  x  may  be  safely  adopted  for  the  radius 
of  the  cylinder. 

But  when  the  exertion  of  great  force  or  the  weakness  of  the 
material  renders  a  large  cylinder  indispensable,  tlie  distance  of 
tlie  threads  should  be  greater  also,  because  in  that  case  increas- 
ing the  distance  of  the  ttireads  does  not  require  by  any  means  a 
proportional  increase  of  power.  Thus  with  the  six  inch  cylinder 
abovementioned  with  the  friction  of  one  third,  increasbg  the  dis- 
tance of  the  threads  from  one  to  two  inches  requires  an  increase 
of  power  less  than  one  sixth,  viz.  from  2751b.  to  319  ;  and  with  a 
friction  of  one  half,  the  increase  is  only  one  eighth,  or  from  398  to 
448,  which  may  generally  be  compensated  by  using  a  longer  lever 
while  the  action  will  be  much  more  prompt  and  rapid.  And  less 
than  double  tlie  power  will  produce  tlie  same  effect,  diough  the 
distance  of  the  threads  be  made  equal  to  the  diameter  of  the 
screw,  or  six  times  their  former  distance.  The  reason  of  this 
will  be  obvious,  when  it  is  considered  that  in  this  case  the  whole 
power  except  37lb  is  employed  in  overcoming  the  friction,  and 
that  at  such  a  small  angle  of  elevation  the  pressure,  and  conse- 
quently the  friction,  is  but  slightly  varied  by  the  variation  of  that 
angle.  And  with  the  same  distance  of  the  tlureads,  if  the  diameter 
receive  successive  increments  the  ratios  of  the  corresponding  pow- 
ers will  continually  approximate  to  the  corresponding  ratios  of  the 
several  diameters,  because  the  effect  of  the  friction,  which  ab- 
sorbs most  of  the  power,  is  proportional  to  its  distance  from  tlie 
fulcrum. 

But  after  all  it  is  far  from  being  eligible  in  practice  always  to 
give  screws  the  shape  above  described,  especially  in  die  fastening 
of  instruments  and  machines  where  the  object  is  not  to  produce 
but  to  prevent  motion,  because  if  the  distance  of  the  Uireads  is 
greater  than  n  times  the  circumference,  the  friction  of  the  screw 
will  not  prevent  it  from  running  back.  On  this  account  it  may 
not  be  improper  to  investigate  the  figure  of  a  screw  so  formed 
that  the  friction  shall  always  hold  it  where  the  power  leaves  it. 
Let  it  be  required  therefore  so  to  shape  a  screw  that,  with  any 
given  degree  of  friction,  the  power  necessary  to  turn  it  forward 
shall  have  a  ratio  to  the  power  necessarv  to  turn  it  back,  equal  to 
the  ratio  of  the  t^vo  given  quantities/:  i,/being  of  course  larger 
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than  h.  As  the  length  of  the  lever  to  which  these  powers  are 
applied  cannot  affect  their  ratio  to  each  other,  they  may  be  con- 
sidered as  applied  at  the  surface  of  the  cylinder,  and  thiis  surface 
may  be  further  considered  as  extended  on  a  verUcal  plane  in 
which  case  one  revolution  of  the  thread  is  the  length  of  an  in- 
clined plane,  the  circumference  of  the  cylinder  is  its  base,  and 
the  distance  of  the  threads  its  height.  Bossut,  in  ait.  273,  gives 
the  force  which  actiqg  parallel  to  the  tlase  (as  it  always  does  in 
the  screw)  just  balances  the  relative  gravity  and  the  mction  = 

— 7T^__  '      jrj — K  where  P  =  weight,  01  =  base,  HI  = 

height,  and  n  ==  the  ratio  of  the  friction  to  the  pressure.  But 
in  order  to  express  the  greatest  force  which,  acting  in  the  oppo- 
site direction,  would  not  drag  the  body  down  the  plane.  Hi  in 
the  preceding  equation  in  Bossut,  from  which  the  above  expres- 
sion is  derived,  must  be  taken  —  because  the  force  PC  or 

HI 
P  X  -TTjT  or  relative  gravity,  instead  of  opposing  the  power,  as- 

TTT 

sists  it,  and  the  force  PM  or  Q  X  jTjf  reversed  instead  of  in- 
creasing, now  diminishes  the  pressure  which  produces  the  friction 
or  resisting  force.  With  this  change  the  greatest  force  which 
^acting  parallel  to  tlie  base  and  from  the  summit  towards  tlie 
loot  of  the  plane)  will  not  drag  the  body  down  the  plane,  will  be 

found  =  -Wr-i rr-ETr Liet  now  Idl  =  rad.  =  1, 

Gl  -j-n  X  HI 

n  z=z  cot.  a,  as  before,  and  OI  =  cot.  z,  z  being  the  angle  at 
the  base  of  the  inclined  plane,  on  which,  with  the  given  degree  of 
friction,  n,  the  forces  forward  and  backward  will  have  the  requir- 
ed ratio/:  6,  and  dividing  by  P,  we  shall  have 

^    ,       cot  a .  cot.  z  +  1     cot.  cu.  cot.  z  —  1 
•^  '      '  *    cot.  z  —  cot.  a     '    cot.  2  -^  cot.  a 

: :  cot.  (a — z) :  cot.  (a+z) : :  sin.  2  a-|-sin.  2  z :  sin.  2  a — sin.  2  z. 
Then/ -f-  b  :f —  b  i :  sin.  2  a  :  sin.  2  ar,  whence  the  base  GI  or 
circumference  of  tlie  screw,  and  tlience  its  diameter,  may  be  easi- 
ly found. 

By  the  diameter  of  the  screw  or  cylinder  is  always  meant  the 
arithmetical  mean  between  the  greatest  and  least  diameters  of  the 
bearing  surface  of  the  diread.  The  screw  is  also  supposed  to 
have  a  square  thread,  or  at  least  that  the  section  of  its  bearing 
surface  with  a  plane  passing  through  the  axis  is  a  right  line  and 
perpendicular  to  the  axis.     But  when  the  thread  is  in  the  form 
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of  a  triangular  prism,  or  rather  when  the  section  above  mentioned 
makes  an  oblique  angle  with  the  axis,  the  pressure  and  of  course 
the  firiction  is  mcreased  in  the  ratio  of  the  sine  of  that  angle  to 
radius,  so  that  n  -4-  its  ^e  must  be  taken  instead  of  n  through 
the  whole  investigation.  It  is  also  supposed  that  there  is  no 
pressure  except  on  the  threads  of  the  screw ;  in  practice  how- 
ever there  is  almost  always  a  pressure  at  the  other  extremity 
equal  to  the  weight  raised  or  effect  produced,  and  the  increase  of 
power  required  by  the  friction  resulting  from  this  pressure  is  pro- 
portional to  the  mean  distance  of  its  action  firom  the  axis  ot  the 
screw.  The  introduction  of  this  consideration  would  produce 
conclusions  differing  still  more  from  the  common  practice  than 
those  drawn  in  the  fourth  and  fifth  paragraphs.  In  most  of  the 
instruments  called  vices  this  pressure  is  distributed  over  a  circu- 
lar ^ace  surrounding  the  body  of  the  screw,  and  the  friction, 
thus  remote  firom  the  axis  must  absorb  a  considerable  portion  of 
the  power ;  but  in  the  presses,  it  is  commonly  confined  to  the 
extremity  of  a  pivot,  and  its  retarding  efiect  must  be  compara- 
tively trifling. 


Art.  XXXI. — On  Barometrical  Observations  in '  relation  to  the 
Agitation  of  the  Atmosphere  and  on  the  Temperature  of  Wash- 
ington. By  Julius  De  Wallenstein.  Read  on  the 
28th  January,  1826,  before  a  Scientific  Institution  at  Wash- 
ington. 

Mr  President  and  Gentlemen^ 

After  a  steady  and  scrupulous  attention  to  the  various  phe- 
nomena of  the  atmosphere,  the  votary  of  natural  science  is  ure- 
sistibly  seized  with  a  desire  of  drawing,  from  persevering  and 
minute  observations,  some  general  result  that  may  contribute  to 
the  advancement  of  science.  But  Meteorology  is  yet  very  far 
from  giving  sufficient  data  for  more  than  a  plausible  theory  of 
even  a  single  one  of  the  numerous  departments  of  physics  to 
which  it  extends.  After  many  years  of  close  application  in 
investigating  the  variations  of  temperature,  all  that  can  be  affirm- 
ed is,  that  in  the  course  of  several  years,  the  irregularities  com- 
pensate themselves  m  such  a  way,  that  the  sudden  and  prodi* 
^ous  increase  of  heat  or  cold,  for  a  greater  or  less  number  of 
weeks,  does  not  afilect  the  degree  of  temperature,  which  nature 
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seems  to  have  allotted  to  every  portion  of  the  eartli.  But  what- 
ever attention  the  generality  of  observers  may  have  paid  to  the 
changes  of  tlie  atmosphere,  probably  very  tew  have  fulfilled  all 
the  conditions,  which,  in  the  progress  of  their  investigations,  they 
discovered  to  be  indispensable  for  obtaining  satisfactory  results. 
One  may  have  forgotten  to  examine  the  construction  of  liis 
thermometer,  to  compare  it  widi  a  standard  of  unequivocal  pre- 
cision, or  to  go  through  the  minute  process  pointed  out  by  ex- 
perience and  dieory,  for  ascertaining  the  regularly  of  its  indica- 
tions. Anodier  may  have  neglected  to  bring  the  instrument  into 
the  ciurent  of  the  prevailing  wind.  The  hygrometer  requires  a 
frequent  repetition  of  the  elementary  experiments,  by  which  its 
scale  was  determined.  The  instrument,  invented  by  Saussure, 
is  generally  very  troublesome,  and  becomes  useless  in  strong  agi- 
tations of  the  air.  The  greatest  caudon  is  necessary  when  dbe 
hair  is  to  be  cleansed,  and  this  operation  must  be  jfrequendy 
repeated.  A  barometer,  that  delicate  and  vexatious  companion 
m  a  journey,  is,  upon  the  whole,  the  least  troublesome  instrument 
during  a  tranquil  residence. 

When  tlius,  after  a  long  series  of  meteorological  observations, 
the  various  results  crowd  themselves,  in  separate  columns,  under 
the  eye  of  the  examiner,  he  is,  at  once,  discouraged  by  the 
uncertainty  of  his  operations  and  the  disproportion  between  their 
utility  and  the  labour  die^  have  cost. 

Division  of  labour,  which  has  become  so  productive  of  benefi- 
cial results  in  many  branches  of  industry,  and  is  nothing  but 
method  and  classification,  presents  its  advantages  also  in  science. 
If  in  the  actual  state  of  Meteorology,  it  is  almost  impossible  to 
combine,  into  one  great  result,  the  various  modifications  observed 
in  the  atmosphere,  with  the  instruments  adapted  to  die  examina- 
tion of  its  constituent  parts,  and  tiieir  changes ;  let  us,  by  divid- 
ing the  task,  endeavour  to  remove  some  of  the  difficulties  that 
present  themselves. 

The  theory  of  winds  is  one  of  the  least  perfect  parts  of  nat- 
ural philosophy.  Even  then*  course  or  direction  and  their  velocity 
have  yet  been  but  litde  attended  to.  The  causes  that  influence 
them  are  connected  with  facts,  the  investigation  of  which  con- 
stitutes the  highest  branches  of  physico-methematical  sciences. 
Without  taking  into  consideration  the  action  of  gravitation,  the 
rotation  of  the  earth,  the  specific  weight  of  the  fluids,  and  the 
changes  which  caloric  produces  on  them,  the  phenomena  of  the 
Trade  wind  could  never  be  explained ;  the  dessicative  power  of 
certain  winds  would  be  a  source  of  error  or  a  mystery,  if  the 
nature  of  catoric  was  not  understood ;   and  without  an  intimacv 
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with  the  constituent  parts,  the  properties  and  the  effects  of  the 
fluid  that  surrounds  us,  and,  at  least  a  general  knowledge  of  the 
different  formations  of  our  globe,  we  could  not  conceive  of  the 
origm  of  vapours,  rain,  fogs,  snow,  &c.  that  succeed  each  other, 
sometimes  so  rapidly,  around  us,  nor  explain  subterraneous  springs 
and  rivers,  and  by  them  again,  in  part,  some  of  the  atmospheri- 
cal phenomena.  The  sun  and  the  moon  act  doubtless  on  the 
atmosphere.  Tlieir  combined  action  is  visible  and  can  be  rigor- 
ously calculated,  as  far  as  it  extends  on  the  ocean,  and  the 
adjacent  land,  in  bays  and  narrow  channels.  It  is  true  that  the 
opmion  of  Galen  with  respect  to  tlie  influence  of  the  lunar  phases 
on  the  cri^s  of  certain  distempers,  is  now  disregarded.  Able 
physicians  of  our  day  fear  only  the  efllect  which  such  opinions 
could  have  on  patients  whose  delicate  nervous  system  disposes 
them  to  receive  every  impression  that  strongly  excites  their  feel- 
ings. Olbers,  the  great  astronomer  and  physician,  never  thought 
himself  justified  to  ascribe  any  influence  to  the  moon  on  epileptic 
and  nervous  disorders  and  other  serious  distempers.  Yet  he  does 
not  deny  that  the  relative  situation  of  the  sun  and  moon  may 
have  some  influence  on  a  few  rare  maladies. 

Returning  to  the  subject,  whose  obscurities  I  have  presumed 
to  excuse,  by  mentioning  those  which  cover  many  other  branches 
of  science,  and  by  referring  to  various  examples  of  their  branch- 
ing out  and  their  real  concatenation,  I  wish  to  state  that  in  my 
humble  opinion,  an  assiduous  observation  of  the  phenomena  con- 
nected with  the  variation  of  winds,  seems  to  me  not  one  of  the 
least  interesting  branches  of  natural  philosophy.  If  the  causes  by 
which  these  peiturbalions  of  the  air  are  produced,  are  yet  too 
fittle  known  to  throw  light  on  the  influence  diey  exercise  on  all 
that  bears  the  principle  of  life  and  seminal  faculties,  on  our 
activity,  our  comfort,  and  our  health,  the  eflects  require  so  much 
the  more  attention. 

Besides  in  this  department  of  meteorology,  a  hope  may  be 
indulged  that  the  observations  may  lead  to  a  series  of  facts 
somewhat  regularly  connected  with  another  ramification  of  the 
science.  If  a  great  number  of  observations  should  show  a  simpl- 
taneous  increase  or  diminution  of  the  height  of  the  barometer, 
if,  during  the  same  current  of  air,  most  commonly  the  mercury 
of  that  instrument  has  varied  but  Uttle  or  not  at  all,  if  a  consider- 
able variation  in  its  range  had  been  followed  by*a  corresponding 
decrease ;  these  phenomena  would  deserve  the  attention  of  a 
phflosopher,  besides  their  possible  reference  to  good  or  bad 
weather,  as  a  means  of  elucidating  hereafter,  more  and  more, 
the  relative  dependance  of  llie  operations  of  nature,  and  of  coun- 
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teracting  the  errors  and  illusions,  to  wbicb  we  are  liable  by  the 
imperfections  of  our  organs,  our  education,  and  our  passions. 
The  prevailing  ivinds  have,  to  be  sure,  been  noted  by  almost 
every  body  thaX  has  kept  a  meteorological  journal.  In  separate 
ing  from  any  one  of  those  tables  the  barometrical  observations, 
in  connexion  with  the  corresponding  remarks  on  the  state  of  the 
heavens,  one  could  bring  under  a  single  point  of  view  the  possi* 
ble  relalion  of  the  pressure  of  the  atmosphere,  with  its  a^ta* 
tions.  But  in  experimental  pliilosophy,  facts  are  only  well 
ascertained,  when  the  observations  or  experiments  are  made 
with  an  express  and  exclusive  purpose.  Surely  the  temperature 
is  a  function  in  every  calculation  of  barometrical  changes,  but 
the  pressure  of  the  atmosphere  is  also  a  function  in  that  of  the 
edicts  of  caloric.  But  like  the  ramifications  of  any  other  de- 
partment of  natural  science,  tliey  must  be  separately  examined 
and  s^arately  described,  although  they  are  afterwards  recon- 
sidered in  combination  with  other  phenomena. 

The  method  I  have  adopted,  in  the  annexed  table,  is  withal, 
in  one  point  of  view,  but  a  mean  of  observing  how  often  certain 
winds  have  prevailed  in  a  given  time.  Should  observations  be  con- 
tinued vrith  that  stated  purpose,  the  view  of  tlie  subject  taken  up 
by  the  great  mathematician  Lambert,  in  the  Tranactions  of  die 
Academy  of  Science  of  Berlin,  for  1777,  may  be  brought  to  a 
greater  certainty,  and  a  formula  for  determining  the  force  and 
frequency  of  given  winds,  may  not  be  considered  much  knger 
as  merely  an  ingenious  speculation. 

M.  de  Buch,  the  scientific  friend  of  Alexander  de  Humboldt, 
and  die  author  of  a  very  instructive  tour  into  Lapland,  and  of 
many  valuable  disquisitions,  has  examined  the  subject  under  con- 
sideradon,  in  a  Memoir  addressed  to  the  Berlin  Academy  in 
1818.  Of  the  southwest  winds,  he  observes,  that  takmg  the 
case  of  their  prevalence  during  three  days,  one  was  accompa- 
nied with  rain.  Of  17  da3rs  of  the  northeast  wind,  one  only 
was  misty.  The  winds  firom  northwest  to  south,  were  gener- 
ally more  accompanied  with  fogs  and  mist  than  any  other  winds. 
During  two  days  and  an  half  of  southwest  wind,  one  was  rainy 
or  snowy,  and,  on  the  contrary,  of  8  days  easterly  wind, 
seven  were  remarkable  for  dryness.  He  gives  the  following 
table  to  show  the  comparative  height  of  the  barometer,  under  the 
influence  of  tlie  8  wmds,  from  north  round  south,  to  n<vtheast. 


N.  1  NW.  1  W.    S\V.    S.   1  SE.  t  E.    NE. 

Lines, 

335-85 

335-13 

333-61 

333-06 

334-55 

33636 

336-6S' 
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In  comparing  this  table  with  the  following,  it  will  be  seen, 
that  under  the  same  wids,  the  barometer  b  less  elevated  whea 
it  snows. 

IZAnes.  I  I  I  I  I  I 

33325  I  334-37    333*63    331-98  |  33076  |  332*21 1  333-38  |  333*75  | 

The  difference  of  these  two  tables  is  as  follows : 

I  3-07  I  1-48  I  1-51  I  1-68  |  2-30  |  2*34  |  2-98  |  2-87  1 

By  a  prevalence  of  the  north,  northeast,  and  east  winds,  the 
difference  amounts  sometimes  to  three  lines,  and  the  barometer 
is  then  as  high  as  it  is,  on  an  average,  when  the  wind  is  fixxQ 
the  south.  However,  snow  is  more  common  with  north  wmds, 
but  they  operate  only,  when  the  snow  has  already  begun  to  fall ; 
the  snow  itself  owing  most  probably  its  existence  to  an  encounter 
of  the  fresh  air  of  the  nortn  with  a  misty  one  from  the  south. 
This  is  exemplified  by  the  following  observations  quoted  in 
M,  de  Buch's  Memoir. 

Barometer.  Wind. 
Lines, 

1783    March  2,  at  10  o'clock  32811  SSW. 
"  "     3,        7      «       330-50  NNE-  snow. 

«      '      «     "         2      «       332-7     N. 
"  «     «        10      «       334-8    N. 

Wlien  the  northern  wind  becomes  steady,  the  snow  falls  in 
small  flakes.  During  the  winter,  the  greatest  elevation  and  de- 
pression of  the  barometer  are  separated  only  by  a  short  interval 
of  days,  and  M.  de  Buch  has  observed  that  the  mercury  rises 
more  rapidly  than  it  falls.  On  the  12th  March  1786,  it  snowed 
with  a  south-southwest  wind,  the  barometer  was  at  333  lines, 
and  the  thermometer  between  —  1  and  -|-  1°.  M.  de  Buch  ex- 
plains these  phenomena  by  saying,  that  the  SSW.  which  kept  the 
thermometer  at  so  low  a  degree,  prevailed  in  the  upper  re^oa 
of  the  atmosphere,  while  nearer  to  the  earth,  a  northern  wind 
exercised  its  influence.  In  the  upper  regions  the  vapour  was 
transformed  into  rain,  which  in  its  fall  turned  into  snow  under 
the  influence  of  the  wind  which  then  prevailed.  Efl^ts  of  con- 
trary winds,  in  the  upper  and  lower  regions  of  the  atmosphere, 
are  the  most  strikmgly  observed  in  mountamous  countries.  The 
snow  melts  often  at  an  elevation  of  3000  feet,  on  the  declivity  of 
a  moumtain,  while  in  the  valley  the  ground  is  frozen. 

Tlie  author,  whose  observations  are  here  quoted^  has  remark- 
ed, that  in  the  places  where  he  has  made  his  investigations,  the 
mean  temperature  is  never  lower  than  ^  4*9^  of  Reaumur 
(21^  Fahr.)  when  snow  has  long  continued ;  and  the  only  varia- 
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tion  he  mendons  is  a  fall  of  snow  on  the  14th  of  Januarj  1808, 
somewhere  in  Norway,  under  a  temperature  of —  lO'S^  (8'8^ 
Fahr.)  during  an  easterly  wind.  The  snow  was  dry  and  in 
sinaU  flakes. 

I  beg  to  observe,  &at  these  citations  are,  as  I  find  them 
among  my  notes }  and  I  regret  not  having  it  in  my  power  to  lay 
before  you  M.  de  Buch's  valuable  Memoir,  rather  than  so 
scanty  a  specimen  as  I  have  presented  of  what  seems  to  me  a 
fine  example  of  philosophical  analysis. 

Before  I  present  to  you,  Gentlemen,  my  own  observations  on 
the  climate,  where  we  five  together,  you  will,  I  hope,  permit  me 
to  call  your  attention  on  the  investigations  made  by  a  traveller, 
whose  labours  aJ*e  known  to  the  world,  who  first  has  described 
that  cluster  of  L^ands,  the  name  of  which  is  dear  to  your  heart ; 
who  has  conducted  an  expedition  round  the  world  with  the 
energy  of  Cook,  the  accuracy  of  Vancouver,  and  a  philosoj^cal 
mind,  not  unlike  that  of  Banks  and  Foster ;  and  whom  I,  an 
humble  individual,  am  proud  to  call  my  fiiend.  Amongst  the 
researches  of  this  scientific  circumnavigator  and  hydrographer, 
those  on  the  direction  of  winds  may  not  yet  be  known  to  you, 
Gentlemen,  for  I  know  only  of  two  copies  of  the  valuable  work, 
that  contains  them,  having  reached  mis  country  a  short  time 
since,  and  where  Commodore  Krusenstem  has,  for  the  first  time, 
suppHed  the  deficiency  left  in  that  branch  of  natural  [Mosophy 
by  Uapres,  Dalrymple,  Romme,  and  Horsbur^h. 

Commodore  Krusenstem  presents,  in  the  mtroducfion  to  his 
HydrograpWcal  Memoirs,  accompanjring  his  Adas  of  the  Pacific 
ocean,  the  following  outline  of  a  treatise  on  the  winds  and  cur- 
rents—** In  the  Pacific  ocean  fix)m  latitude  30°  to  the  pole 
the  "variable  winds''  are  generally  firom  the  northwest  and 
southwest.  In  the  straits  of  Behring,  the  north  and  south  winds 
are  the  most  general.  On  the  coast  of  Kamschatka,  die  pre* 
vtuling  winds,  mm  June  until  the  middle  of  September,  are  from 
southwest  and  west ;  and  the  Journals  of  La  Perouse  and  other 
navigators  prove,  that  Romme  erroneonsly  indicated  those  of 
of  east  and  southeast  as  the  most  firequent,  in  the  interval  above 
mentioned.  On  the  Kourili  islands,  accordmg  to  Capt.  Go- 
loAvniu,  (whose  firmness  is  likely  to  be  more  known  to  you  than 
his  inquisitive  mind,)  the  weather  is  foggy,  when  the  wind  blows 
from  south-southeast  to  south-southwest,  but  so  dry  Aat  the  sun 
is  visible.  The  east  and  northeast  winds  are  accompanied  with 
rain  and  storms.  The  north-northeast  and  north-northwest  bring 
a  clear  sky  and  cold  weather.  Commodore  Krusenstem  found 
on  the  31st  March,  1805^  his  thermometer  (Reaumur)  at  H^ 
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below  zero  (28*7^  Fahr.)  during  a  wind  of  north-northeast, 
which  was  accompanied  with  snow.  In  winds  from  north- 
northwest  to  west-southwest,  the  weather  is  cold  and  the  sur  dry 
and  foggy;  and  during  those  from  south-southwest  to  west- 
southwest,  the  skies  are  clear  and  but  seldom  clouded,  and  the 
temperature  remarkably  high. 

"  In  September  and  October,  Commodore  Krusenstem  found 
on  the  Oriental  coast  of  Japan  variable  winds,  but  more  fre- 
quently those  from  the  north  than  the  south.  On  the  east  and 
northeast  coast  of  China  and  on  those  of  Corea,  and  in  the  gulf  of 
Tartary,  the  north  and  northeast  winds  blow  during  nine  or  ten 
moaths,  and  they  turn  seldom  to  the  south.  In  the  sea  of 
Sachalmi  the  winds  vary  from  south  to  north,  according  to  ob- 
servations made  during  8  years  at  Ochotzk.  With  respect  to 
the  sea  of  Ochotzk  or  the  northern  pordon  of  the  Sachalin  sea, 
the  prevailing  winds  in  June,  July,  and  August,  are  south  and  east, 
not  strong,  and  commonly  accompanied  with  fogs  and  rain,  in 
September,  at  the  setting  sun,  the  wbd  goes  from  the  south  to 
the  west  and  northwest,  blowing  {Hretty  strongly  from  the  latter 
direction  during  the  night.  Towards  10  o'ckxsk  in  the  morning, 
it  blows  milder  and  turns  to  the  south.  During  the  whole  mondi 
of  September,  the  skies  are  cloudless.  From  the  middle  pf 
October  till  the  beginning  of  December,  storms  and  strong  winds 
are  almost  unintern^ted  from  the  east  or  southeast,  and  the  fine 
weather  begins  agam,  when  it  bbws  from  the  north  or  north- 
west* From  December  until  March  the  wbds  are  constantly 
north  and  northeast  and  the  weather  is  fine.  In  Apiril  and  Mi^ 
they  blow  moderately  fixmi  the  north  during  the  night,  and  from 
the  south  during  the  day.  Consequently,  the  easterly  winds  ue 
almost  permanent  in  the  sea  of  Ochotzk. 

''On  the  northwest  coast  of  America,  firom  the  straits  of 
Behring  to  30^  of  northern  latitude,  the  winds  are  variable, 
though  M.  de  Humboldt  presumes  that  from  65^  to  50^  thqy 
blow  half  a  year  (torn  the  south-southwest  and  southeast, 
and  the  other  half  from  the  north  and  northeast*  The  south- 
ed^ wind  is  there  in  every  season  accompanied  with  rainy  and 
foggy  weather,  and  the  northwest  with  cold  and  dryness. 

''  Capt.  Cook  found  in  March,  in  the  44th  degree  of  latitude, 
a  firesh  and  constant  northwe^  which  continued  until  the  begin- 
ning of  die  sununer,  with  die  exception  of  a  southeast,  which 
lasted^  however,  <mly  6  hours,  and  ha,  Perouse,  Portk)ck,  and 
DixoDy  <Ud  not  experience  the  south  winds  in  the  summer* 
According  to  Vancouver  and  the  Spanish  navigators,  the  nonh 
and  northwest  are  die  most  prevailing*    Hence  the  difficulty 
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which  ]s  experienced  on  that  coast  for  advancing  to  the  norths 
and  which  can  only  be  remedied  by  profiting  of  the  east  and 
southeast  land  breezes,  which  are  of  longer  duration  and  stronger, 
than  the  sea  breezes.  Vancouver  states  that  north  of  Cape 
Mendocino,  the  weather  is  generally  bad,  and  that  south  of  that 
promcmtory,  the  winds  are  moderate  and  the  skies  clear,  and 
that  during  the  winter,  the  south  winds  are  moderate. 

"  In  Nova  Archangelok  (67^  2'  latitude  N.)  the  prevailmg 
winds,  during  the  winter,  are  from  the  east,  accompanied  with 
rain  and  snow.  At  the  beginning  of  December  gales  and  storms 
are  frequent. 

*'  On  the  coast  of  Cafifomia,  the  northwest  wind  prevails  dur- 
ing the  summer  until  October.  In  November  it  changes  into 
southwest  and  southeast  with  rain,  and  the  weather  clears  off  by 
a  northwest.  In  October  a  hot  northeast,  that  prevails  for  a 
short  time,  produces  cough  and  pleurisdes.  In  December  and 
January  the  mountains  begin  to  be  covered  with  snow,  but  only 
for  a  few  hours.  In  March  and  April,  the  winds  become  varia- 
ble* During  summer  and  winter  thick  fogs  are  firequent.  Com- 
modore Krusenstem  proceeds  with  the  same  minute  attention, 
describing  what  he  calls  the  2d  and  3d  zone,  or  the  portions  of 
the  great  ocean  which  lie  between  the  30th  degree  N.  latitude 
and  30th  degree  S.  latitude.  The  trade  winds,  which  prevail  in 
that  space,  are  influenced  by  the  direction  of  the  adjacent  coasts, 
as  for  instance  on  those  of  Jreru  and  Chili,  where  they  are  north 
and  sout}),  in  c(»8equence  of  the  coasts  running  in  that  direc- 
tion." 

But,  Gentlemen,  it  is  not  to  my  purpose  to  follow  my  sci- 
entific firiend  fiuther  in  that  part  of  his  investigations,  howsoever 
interesting  they  may  be  in  relation  to  a  diflerent  object.  I  wifl 
only  add,  that  the  facilities  which  the  constancy  of  me  soudieriy 
winds  seem  to  zSord  for  the  navigation  towards  the  north,  on 
the  last  mentioned  coasts,  are  counteracted  by  currents  which 
drive  to  the  south,  and  ihkt  farther  to  the  north  a  similar  current 
carries  to  the  west.  Between  the  30th  degree  latitude  S.  and 
Cape  Horn,  the  regular  winds  firom  north  and  south  begin  again. 
Near  Coquimbo  (30°  lat.),  the  north  and  northwest  winds  blow 
during  two  or  three  months  in  the  course  of  a  year,  and  near 
Valparaiso  (33°  lat.)  the  same  winds  prevail  fix>m  May  to  Sep- 
tember, accompanied  with  rain  and  fog,  but  not  violent ;  and 
during  the  rest  of  the  year  the  weather  is  dry,  the  winds  blowing 
constantly  and  strongly  firom  the  south.  Near  Cape  Horn  the 
winds  diat  blow  most  constandy  are  bom  the  southwest  and 
iKXthwest.    Near  Cape  Horn  and  in  the  Sachalin  sea,  Com- 
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inodore  Krusenstern  observed  a  fall  of  die  mercury  of  nearly 
9  fines,  diough  the  state  of  the  atmosph^e  was  not  akered,  and 
the  barometer  remained  stationary  until  his  departure  from  those 
waters,  and  then  the  barometer  rose  again. 

According  to  the  manner  in  which  I  connder  the  subjeet,  I 
humbly  beKeve,  that  in-order  to  remove  the  uncertainties  which 
surround  it,  the  principal  cause  of  winds  must  before  all  be 
clearly  ascertained,  and  as  soon  as  we  are  satisfied  of  its  real 
nature,  the  irregularities  of  its  influences  must  be  gatiiered  in  as 
great  a  number  as  possible.  Hence  in  a  series  of  remarks  on 
tiie  currents  of  air  prevailing  the  most  in  this  country,  a  glance 
may,  and  perhaps  must,  be  thrown  on  the  conresq^ding  phe- 
nomena under  difierent  latitudes  and  distant  meridians. 

Winds  are  the  efi^ts  of  an  alteration  b  the  specific  weigb; 
and  elasticity  of  the  air ;  an  alteration,  howev^,  which  does 
not  pervade  equally  all  its  parts.  Amongst  the  latter,  we  must 
partiGuhirfy'  take  in  acdount^the  atoms,  ibe  extremely  small  parti- 
cles of  water  which  fill  the  atmosphere  and  become  only  dis- 
tinctiy  viable  to  our  eye,  when  then-  mcreased  density  puts  them 
under  the  mfluence  oi  the  general  acticm  of  cavitation.  Aceorct* 
ing  to  these  premises,  the  currents  of  air,  are,  by  their  nature, 
incessandy  cnanging.  Durable  winds  are,  then,  but  exceptions. 
They  are  produced  by  the  difference  of  die  increase  of  heat  hi 
two  terrestrial  points.  The  air  the  most  heated,  is  the  most 
dilated,  and  its  specific  weight  is  diminidied  ;  but  die  ckcura- 
ambient  air  of  less  temperature,  would  take  the  {dace  of  tint 
which  has  comparatively  a  greater  specific  weight,  until  this  air 
beoomes,  like  tne  former,  d^ted  by  the  action  of  heat.  Oa  tUe 
Gcmtrary,  when  a  portion  of  the  atmosphere  becomes  colder,  its^  * 
dilatation  is  dimimshed,  and  a  wanner  air  takes  the  vacant  jdace. 
This  explains  the  reflux  of  southern  aur  to  the  north,  at  ibe  b&* 
^miing  of  autumn  or  the  cold  season. 

Winds  coming  from  the  summits  of  high  mountains  are 
jJways  cokt.  Even  in  Guinea,  (he  northwest  wind,  which  blows 
from  the  mountains  of  the  interior,  is  coM  and  dry.  Nevertheless 
the  summits  act,  by  affinity  on  the  product  of  the  evaporation  of 
the  sea,'  and  arrest  clouds.  But  the  abundance  of  humidity, 
which  hence  results,  operates  only  as  a  generative  cause  of  water 
qpouts  and  rivers,  *  according  to  the  geological  character  of  the 
mountains.  Conflicting  winds  first  occasbn  cafans,  and  afterward 
storms  and  tempests.  The  clouds  of  dififerem  i^edes  of  elec^ 
tricity,  which  they  possess,  produce  diimder,  the  cessation  of 
which  is  generally  accompanied  with  a  change  of  wind.  .  There 
are  further  exceptions,  as,  for  instajK:e,  the  wiads  which  are 
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fieeafiar  to  certain  terreecrial  Jpe^OBs,  &s  ibe  Saraiel  wind  of 
JE^pt,  Persia,  Ajrabia,  and  Syria,  the  nordi  wind  of  the  Gulf  of 
Mexico^  the  hurricaiies  of  the  Cape  of  Good  Hope,  and  the 
'^Typhon"  of  the  seas  of  Japan  and  Cluna,  all  which  have 
|>96uhar  s^ptooad)  unequal  though  prodigious  strength,  and  are 
^vea  distinguished,  it  seems,  bj  colours.  Periodical  and  trade 
WJndi  are  in  part  eacplained  by  what  has  been  said  aa  the  gen- 
eral cauie  of  the  currents  ef  air.  A  more  complete  eay^lanaUan 
of  these  a&d  of  tropical  winds,  as  far  as  ptansiMe  speculatioa  may 
he  ao  oidled,  would  require  micupe  time  than  I  can  command. 

In  the  middle  latitudes  between  the  poles  and  the  equator, 
the  winds  change  oftener  than  und^  the  tropics.  In  fine,  several 
winds  blow  veiy  frequently  at  the  same  time  in  successive  re- 
.^^bonsof  the  atmosphere*  While  a  strong  current  agitates  the  air 
oi  a  mountain,  the  inhabitant  of  the  valley  enjoys  a  calm  air,  and 
"  vice  vefsa*"  Winds,  chiefly  those  which  are  dry,  aocdefate 
avaparation»  This  can  be  explained  by  their  untnterrupted  ooa- 
tact  wUh  the  wirters,  or  the  interstices  which,  under  the  influence 
of  the  elasticity  of  caloric,  they  present  to  vapours,  or  by  the  agi- 
tation they  produce  in  the  liquid  atoms.  However,  an  agJEtated 
atmosphere  is  wore  dosicoative  than  a  tranquil  air.  The  va- 
murs,  as  soon  as  formed,  are  carried  aw.av,  and  the  air  itaelf 
becomes  not  saturated  mth  humidity  and  does  not  lose  its  dis- 
aobing  force.  Saussure  remarks  that  the  asoension  of  fogs  and 
douds  which  are  composed  of  vapours  is  ooeval  widi  the  rise  of 
tfaa  basometer,  in  oonsequenoe  <h  the  increased  densitgr  of  the 
jm  near  the  earth.  The  mcMst  vapours  seek  then  in  a  regjen 
m>re  elevated,  an  air  which  is  more  in  equilibrium  with  them. 
According  to  diat  great  philosopher,  the  «noke  and  the  vc^ioiiis 
which  surround  the  summits  of  Vesuvius  and  ^ma,  rise  amliail 
cont^nporarily  with  the  mereuiy  of  the  instarument  that  mdk^tas 
the  pressure  of  the  atmosphere,  sod  these  movements  are  evsn 
considered  as  piopbedc  i]»dications«  The  influence  of  wmds  on 
ifae  temperature  extends  itsdf  to  a  greater  height  than  the  nfla- 
once  of  the  direct  rays  of  the  sun.  The  causes  whiob  influeKoe 
the  barometer  begin  to  set  on  the  uppermost  regjkms  of  die 
atmosphere.  In  a  great:  pan  of  Europe,  the  we^  windasne 
^UM^ally  humid  and  the  easteriy,  on  ^  cootrary,  very  dry*  Jn 
Switaerlaad  the  south  and  scnthwest  winds  are  warm  and  bring 
•oommealy  rain,  and  the  diyest  wind  is  that  from  tho  aordMsit. 
The  coldest  wind  in  Europe  c<»nes  from  die  north.  MuariMB- 
broek  (aocordiBg  to  a  quotation  of  Saussure^  has  found  that  m 
Bef^um,  the  easterly  winds  are  dry,  the  sky  being  dear,  bat 
when  they  follow  westerly  winds,  they  are  acoompaoied  for  a 
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while  with  raiD*  In  ncnAem  Europe  wincls  wUch  tend  to  turn 
ffom  north  to  northeast,  pass  heSxe  tlu^ough  all  the  cdier  fcixM 
of  die  compass;  and  those  wbfdi  tend  to  turn  bom  north  f» 
west,  accompli^  it  without  any  deviation. 

Let  us  now  collect  some  facta  on  the  relation  ci  trarometrical 
varu^ioDS  wi&  windsv  The  source  firom  which  I  derive  diem,  i^ 
a^am  the  work,  already  often  quoted,  of  the  great  naturaMst  of  the 
Alpe*  Genersdly  an  mcreaae  of  heat  produces  a  fall  m  di0> 
baronfieter.  The  inereury  of  that  insHiBnent  stands  hig&er  duf^ 
ing  the  night  dian  the  day,  in  consequence  of  the  diminution  rf 
heat.  The  variations  of  the  barometer  we  greater  in  winter*' 
than  daring  the  summer  in  the  nortfaei n  climates,  in  consequenee^ 
of  llie  considerable  difierence  of  the  temperature  of  the  divers 
regions  of  the  atmo^yber^,  and  the  proxinnty  of  odd  and  wann 
air.  Local  causes  produce  somedmes  rapid  and  irregular  move-* 
ments  of  the  barometer.  When  the  atmosphere  is  cooled  a  few 
degrees  by  rain,  the  barometer  rises  suadenly,  says  Sauasure, 
haff  a  line  and  even  a  line,  without  the  co-operation  of  any  gen«^ 
eral  cause,  and  this  because  a  single  cohunn  of  air  being  con-* 
densed  by  the  cold,  the  other  coluimis  which  have  not  uncfergpne 
Aat  process,  extend  th^nselves  over  it  and  mcreas#  its  btdk» 
The  greatest  variation  of  the  barometer  happens  within  die 
interval  of  a  few  hours  in  places  distant  more  than  300  miles. 
Saossure  ascribes  this  phenomenon  to  die  prodi^ous  velocity  of 
the  winds  in  the  upper  regions  of  the  atmosphere,  where,  as  it 
ha^  heexi  already  observed,  the  caoses  of  the  bafometricd 
changes  are  incipient.  I  will  conclude  these  soaimary  remaibi 
with  an  observation  of  Saussure  on  the  exactness  of  barometrical 
predictions  with  respect  to  rain.  In  that  view,  he  recapitulates 
and  compares  the  results  presented  by  several  other  great  nattir- 
afists.  ^^The  Mmrquis  Voleni  has  found,"  says  he,  '^tfaat  of 
1175  times  that,  in  the  course  of  12  years,  it  had  rained  ill 
Vadua,  only  758  {»^uced  a  fall  of  die  barometer ;  consequetly 
of  1000  observations  only  645  proved  true,  and  die  iiduence  of 
rahi  on  the  barometer  seems  not  great.  Van  Swinder  had  col* 
beted  as  many  false  as  true  predictions  of  that  nature,  but  in 
ealculftting  the  observations  of  one  year,  accordmg  to  Mr  ifors- 
ley's  noethod,  he  has  demonstrate  the  influence  of  ram  on  the 
barometer,  and  cKscovered  that  m  1778  and  1779  the  ttiean 
h^ht  of  diat  instrument,  dnring  ramif  weather j  was  less  than  the 

mtan  height  of  the  vfhoh  year. 

-■■  ■-         ...     ■„.,„■„       ■      . .     , .  - ■■■■-_  —  ,  ^     ^ 

»  From  Apnl  1823  to  April  1824, 1  bftve  found  that  the  beifht  of  the  bafomefer 
was*  during  the  summer  months,  29*910  inches,  and  daring  the  rest  of  the  yeav 
39-9B6  inches.    Difference  0-312  line*. 
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I  now  beg  leave,  Grendemen,  to  infohn  yoa  of  some  of  the 
results  of  my  own  investigations  with  respect  to  the  apparent 
oonnexion  between  the  barometrical  variations  and  the  reigning 
winds. 

The  exten^ve  table  I  submit  to  your  examination  contains 
observations  made  during  the  months  of  September,  October, 
and  November  last,  and  calculated  according  to  the  method  and 
ifae  formula,  mentioned  in  the  Memoir,  which  the  Philosofdiical 
Society  has  done  me  die  honour  to  publish  in  die  last  volume  of 
its  Transactions.*  The  following  recapitulation  brings  to  a 
still  clearer  and  more  comprehensive  view,  die  various  results 
which  can  be  deduced  from  those  observations.f 

Average  Heights  of  the  Barometer  during  the  Premlenee 

of  given  Winds. 


Sept  86  observations. 

Oct  90  observationfl. 

Nov.  89  observations. 

windt. 

Ko.  of  obi 

1.   Barom. 

WindB 

Na  of  obs.  Barom. 

Winds. 

No.  ofobs.  BanMD. 

Linet. 

Linet. 

[Anu, 

N. 

8 

357-036 

N. 

9 

^56-796 

N. 

12 

a58-776 

NE. 

9 

356-520 

NE. 

4 

356-444 

NE. 

2 

359-400 

E. 

4 

356-172 

E. 

5 

358-872 

E. 

3 

359-868 

SE. 

18 

355-544 

SE. 

10 

357-264 

SE. 

8 

359-904 

8. 

17 

356-424 

S. 

29 

357-984 

S. 

26 

359-352 

SW, 

3 

354-528 

SW. 

6 

358-880 

SW. 

4 

360-432 

w. 

5 

356-796 

w. 

4 

358116 

w. 

8 

358^50 

NW. 

22 

356-376 

NW. 

23 

355-332 

NW. 

26 

359-256 

I  fear  I  have  abeady  too  much  intruded  on  your  padence  by 
a  mendon  of  numerical  data,  which  I  know  must  be  sparingly 
introduced  in  a  sketch  like  Uiis,  which  is  to  be  heard  before  its 
author  can  expect  to  find  readers.  I  submit  therefore  to  you 
the  table  which  I  have  mentioned,  not  altogether  without  a  hope 
that  some  of  you,  GenUemen,  may  honour  it  widi  your  attenticHi^ 
and  in  diis  supposition,  I  would  be  more  gratified  to  receive 
information  firom  the  conclusions  which  you  may  derive  firom 
them,  than  to  furnish  inferences  by  my  commentaries  on  my  own 
investigations. 

But  I  owe  you  my  feeble  assistance  in  a  task  which  I  know  to 
be  a  heavy  tax  on  time  and  patience.  I  will  therefore  recai»tu- 
late,  as  briefly  as  possible,  the  assertions  of  an  author,  wbcwi  yoa 
will  probably  consult  before  you  decide  on  my  researches  and 
survey  critically  the  results  of  my  observations. 


*  See  this  Jouroal,  vol.  iii,  p.  193. 

I  It  is  important  to  inforoi  the  reader  that  these  baromtrical  obseratioiis 
are  reduced  to  zero  of  the  ceatigrade  thermometer,  aud  corrected  for  the  capiUaty 
attraction. 
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Volney,  notwhhstaDding  his  unkind  feelings  towards  the 
country,  where  be  had  once  found  a  refuge,  and  die  incompetency 
in  which  his  want  of  instruments  placed  him  for  acquinng  the 
authority  of  an  observer,  often  deserves  a  respectful  considera- 
tion, when  he  generalizes  data  other  than  hb  own. 

Count  Volney  asserts,  that  the  north  wind  is  rare  in  ibis 
country,  except,  says  he,  in  the  neighbourhood  of  Williamsburg. 
The  table  annexed  to  the  present  remarks  warrants  in  some  de- 
gree that  assertion,  but  we  all  know  that  the  author  of  the  "  Soil 
and  Climate  of  the  United  States"  is  not  correct  b  sapng,  that 
the  north  wind  is  rather  misty  than  dry,  and  ofiener  accompanied 
with  doudsy  than  with  a  dear  sky^  (vol.  i,  p.  176).  The  re- 
marks of  the  author,  on  the  southeast  winds,  are  in  accordance 
with  our  experience  ;  but  the  assertion  that  the  south  winds  are 
cooler  than  those  iirom  the  southeast,  is  objectionable.  However, 
these  differences  do  not  warrant  discrediting  the  author's  remarks 
on  the  climate  of  this  country ;  and  I  am  so  much  the  more 
willing  to  do  him  that  justice,  as  I  was  reluctant  to  admit  his 
inferences  with  unlimited  confidence.* 

la  regard  to  my  own  observations  at  a  first  inspection,  or 
rather  omitting  to  take  into  consideration  the  number  of  observa- 
tions corresponding  to  every  one  of  the  8  winds  under  wliich 
they  are  ranged  in  the  annexed  table,  it  would  seem  that  in  the 
course  of  either  of  the  three  months,  the  height  of  the  barometer 
was  but  little  affected  by  the  change  of  the  wind.  For  instance, 
in  September  the  barometer  was  at  356  lines  (omitting  firactions) 
during  5  of  the  8  winds  from  north  to  northwest,  and  again  in 
November  it  was  at  359  lines,  at  the  same  number  of  observa- 
tions, though  not  in  the  same  winds.  But  I  would  remark,  that 
allowance  must  be  made  on  account  of  the  number  of  observa- 
tions. Thus  in  September,  9  observations  giving  356-52  lines, 
during  a  northwest  wind,  are  equal  in  result  to  3  during  a  soutli- 

.  IMIII  ■!  I..-  I«  I  -■■  I  ■  ■■■  I  11  ■IP! 

*  Obserfations  on  wind  and  weather  mentioned  in  Dr  Rash*a  Taloable  wofk»  and 
made  in  Philadelphia  daring  September  and  October  1793,  show  that  of  6  days  in 
September  1793,  when  the  wind  was  north,  but  one  day  was  cloudy.  Three  days  of 
northeast  wind  were  likewise  cloudy.  With  southeast  winds  one  day  was  &ir,  one 
cloudy,  and  one  rainy.  Two  days  of  south  winds  were  cloudy.  Three  days  of 
southwest,  one  day  west,  and  seven  of  northwest  were  fair.  In  October  1793, 
ffwe  days  north,  two  northeast,  one  of  east,  one  of  southwest,  foar  of  west,  six 
of  northwest  winds  were  fiiir;  two  days  of  nortli,  one  of  south,  and  three  of  sooth- 
west  winds  were  cloudy.  One  wind  of  the  north  and  two  from  the  southwest  were 
accompanied  with  rain. 
Mr  Josiah  Meigs  states  iox  1820  (m  Washington.) 

Winds.    East  1.  Winds.    Northeast     91. 

Southeast     11.  West  106. 

North  13.  Northwest  155. 

South  43.  Southwest  177. 

Bast.  Jour.  Jan.  fy  Feb.  1826.        3? 
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westerly  wind.  Now  a  great  hei^t  of  the  barometer,  resulting 
firom  a  great  number  of  observations,  proves,  it  seems,  that  the 
e&ct  observed  in  most  of  these  cases  is  greater,  than  when  de* 
monstrated  by  only  a  few  observations.  The  example  I  have 
quoted  will  illustrate  my  idea :  9  observations,  in  one  wind, 
indicating  356*52  lines,  are  equal  in  result  to  3  observations 
during  another  wind.  Were  tlien,  individually^  the  former  gen- 
erally of  smaller  rate  than  the  latter  f  No  ;  but  smaller  quanti- 
ties were  compensated  by  greater,  and  these  must  have  been 
more  numerous  than  die  former.  Three  observations  may  be 
accidentally  productive  of  a  great  numerical  result,  but  9  observa- 
tions lessen  comparatively  the  influence  of  exceptions,  and  seem 
to  indicate  rather  the  rule. 

I  have  tried  various  methods  to  bring  diis  to  a  clearer  view  ; 
finally,  I  have  thought  that  separating  die  winds,  according  to  the 
physiognomy  and  die  geographical  position  of  this  country,  with 
respect  to  sea  and  land,  the  investigation  would  at  least  repose 
upon  an  adequate  ground.  I  have  therefore  compared  the  baro- 
metrical results  connected  with  the  winds  from  W.  NW.  N. 
and  NE.  with  those  which  are  conjointed  with  the  winds  S.  SE. 
S.  and  SW.  The  latter  may  be  called  Adantic  winds,  and  are 
in  the  direction  of  the  coast  from  the  Bay  of  Fundy  to  the  Strait 
of  Pamlico,  and  the  former  are,  on  the  contrary,  contmental 
winds.  Taking  then  proportionally^  their  corresponding  baro- 
metrical results,  it  appears  that, 

1°.  hi  September,  the  barometer  was  more  elevated  during 
the  prevalence  of  the  E.  SE.  S.  and  SW.  winds,  than  during 
the  W.  NW.  N.  and  NE.  winds. 

2°,  In  October,  it  was,  on  the  contrary,  considerably  more 
elevated  during  the  W.  NW.  N.  and  NE.  winds,  tlian  during 
the  winds  S.  SE.  S.  and  SW. 

3^.  In  JSTovember,  it  was  again,  as  during  September,  more 
elevated  during  E.  SE.  S.  and  SW.  than  in  Uiose  of  W.  NW. 
N.  and  NE. 

Taking  from  die  observations  of  November  the  N.  and  NE. 
wbds  and  comparing  their  bajrometrical  results  with  those  be- 
longing to  S.  and  S W.  winds,  it  will  be  seen  that  the  latter  were 
considerably  smaller  ;  and  taking  from  the  same  month  the  east- 
erly and  southeasterly  winds,  for  a  comparison  with  the  W.  and 
NW.  winds,  die  former  will  be  found  accompanied  with  much 
greater  barometrical  heights  than  the  latter. 

*During  the  month  of  September  the  barometer  stood  gen- 


*  See  note,  page  28S. 
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©rally  the  highest  with  winds  from  the  nortli,  northeast,  and  north- 
west. The  average  of  39  observations  made  during  the  preva- 
lence of  these  wmds,  give  us  a  mean  height  of  356*6  l.  It  wiU 
be  seen  by  the  annexed  table,  that  it  descended  only  once  to 
0-7481  m.  (29-453  in.).  Fortyseven  barometrical  observations 
during  the  prevalence  of  the  other  5  wmds  furnish  a  mean  height 
of  355-89  L. 

The  south  and  southeast  winds,  in  wfiich  the  barometer  was 
observed  35  times,  indicate  but  a  mean  height  of  355*98  l.  yet 
some  of  the  observations,  taken  separately,  seem  to  indicate  a 
great  rise  of  the  mercury-  In  the  column  of  the  southern  winds, 
the  indications  are  twice  0-760  m.  (29-922  in.)  and  the  ba- 
rometer never  feU,  during  their  prevalence,  below  0-7481  m. 
(29-1453  in.).  Calculadng  separately  tlie  observations,  made 
under  winds  from  the  north,  northeast,  west,  and  northwest,  we 
find  for  44  observations,  an  average  of  356-65  l.  a  result  which  is 
equal  to  that  of  39  observations,  made  in  the  winds  from  north, 
nortlieast,  and  northwest.  42  observations  in  the  winds  from 
east,  southeast,  south,  and  southwest,  give  but  355-65  l. 

Again,  during  the  month  of  October,  tlie  barometer  was  ob- 
served 40  times  in  north,  northeast,  west,  and  nordiwest  winds, 
and  the  average  result  of  these  40  observations  is  356-67  l. 
The  average  of  the  other  50  observations  of  that  month,  in  winds 
from  the  east  to  souUiwest,  is  358*2  l. 

Finally,  during  November,  48  barometrical  observations  in 
winds  from  north,  northeast,  west,  and  northwest  present  a  mean 
result  of  359-1  l.  wlnle  41  observatbns  in  the  other  four  winds 
give  359-9  l.  Examming  separately  the  observations  of  Novem- 
ber, when  die  northwest  wind  prevailed,  one  is  struck  with  the 
uncommon  height  of  the  barometer,  which  rose  once  to  0-7672  m. 
(30-394  in.). 

Resuming  these  relative  results  of  3  months,  we  discover  that 
in  October^  the  barometer  was  higher  in  north,  northeast,  west, 
and  northwest  winds,  than  when  the  other  four  winds  prevailed : 
that  the  contrary  was  observed  in  November  and  September. 
However,  this  conclusion  must  be  qualified,  on  account  of  die 
number  of  observations  corresponding  to  every  one  of  these  sub- 
divisions ;  but  die  differences  are  so  slight,  diat  they  can  be  neg- 
lected in  calculations  like  these.  Yet  it  may  be  seen  by  such  an 
analytical  examination,  how  quantities  may  be  combined,  in  or- 
der to  furnish  useful  results,  and  how  useless  or  productive  of 
errors  they  are,  as  long  as  they  remain  in  no  other  regularity, 
than  that  which  their  cfaronokgicai  order  ghres  them.  According 
to  the  happy  remark  of  Haiiy,  « the  Arithmetic  of  the  barcmieter 
IS  a  surer  guide,  than  its  mere  rise  and  fall.'' 
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The  following  table  shows  the  differences  from  one  day  to 
another,  during  November,  of  the  mean  heights  of  the  barometer. 

November,  1825. 


Days. 

Meau  height  of 
the  Barom. 

DlfknnctB. 

1 

29-461 

2 

29-727 

H 

h  0-266 

3 

30-141 

-  0-414 

4 

30-277 

-  0-136 

6 

30-319 

4 

-0-042 

6 

30-188 

—  0-131 

7 

30-053 

—  0-135 

8 

29-874 

—  0-179 

9 

29-834 

—  0*040 

10 

29-915 

+  0-081 

11 

29-850 

—  0-065 

12 

30-103 

+  0-253 

13 

30-015 

—  0-088 

14 

29-711 

—  0-304  ; 

15 

29-883 

+  0-172  ': 

16 

29-875 

—  0-008 

17 

29-602 

—  0-273 

18 

29-788 

h  0-186 

19 

30-083 

-  0-296 

20 

29-895 

—  0-188  i 

21 

29-997 

+  0-102 

22 

29-990 

—  0-007 

23 

30*137 

+  0-147 

24 

29-878 

—  0-259 

25 

29-916 

t-  0-038 

26 

30-003 

-0-087 

27 

30-007 

-0-004 

28 

80-010 

-0-003 

29 

29-970 

—  0-040 

30 

29-901 

—  0-069 

The  rise  and  fall  of  the  mercury  in  the  barometer  are  general- 
ly gradual  and  slow.  Quick  changes  have  been  observed  in  noith 
and  soudi  winds,  viz.  from  4  h.  P.  M.  of  the  10th  of  September 
to  7  h.  A.  M.  of  the  Uth  the  rise  was  0-0073  m.  or  3*404  lin. 
the  wind  being  ncMrthwestand  the  weather  fair.    FVom  die  16di 
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of  October  4  h.  P.  M.  to  the  17tb,  7  h.  A.  M.  the  change  w^ 
0'0053  m.  or  2*544  fin.  the  wmd  bemg  northwest  and  the  weather 
iair.  From  the  1st  to  the  5th  of  November,  the  change  was 
0*0250  m.  or  1  inch,  the  wind  havbg  blown  generally  from  the 
south  with  a  clear  sky. 

"  The  elasticity  of  the  air  of  the  temperate  zones,**  observes 
M.  de  Humboldt  [Tableau  Physique  des  Regions  Equinoxialesi 
&c.  p.  90,]  '*  varies  in  the  same  {dace  sometimes  as  much  as 
20  lin.  French  measure,  25*4S8l.  ;  under  the  tropics,  where  the 
regular  winds  bring  constantly  an  air  of  equal  temperature,  from 
the  10th  degree  north  to  the  10th  south  ot  the  equator,  the  elas- 
ticity does  not  vary,  on  the  sea  shore,  more  than  1*4  lin.  (1*488  l.) 
and  at  9235  feet  above  the  level  of  the  sea,  it  does  not  alter 

0*7  En.  (0*744  L.)." 

Our  observations  show  that  the  variations  are  here  more  con- 
siderable than  under  the  tropics,  but  less  than  M.  de  Humboldt, 
in  his  general  statement,  ascribes  to  the  temperate  zone.  During 
November  last,  the  range  was  0*961  in.  (1 1*532  l.). 

The  success  of  my  endeavours  to  compare  the  mean  height  of 
the  barometer  at  Paris  with  that  in  Washington,  has  been  a^cted 
by  the  want  of  any  detailed  account  of  the  former,  except  the 
**  Annates  de  Chemie  et  Physique,"  for  1823,  from  January  until 
May  inclusive.  However,  taking  the  mean  ot  the  average  height 
of  the  barometer  during  that  interval  of  time  at  Pans,  which 
amounts  to  0*75303  m.  (29*646  in.),  and  comparing  it  with  the 
mean  height  of  the  barometer  in  Washington  during  November 
last,  according  to  my  observations,  (0*76052  m.  =  29*942  in.J, 
it  will  be  found  that  the  mercury  stood  here  higher  than  in  Pans 
by  3*552  l. 

From  April  1823  until  April  1824,  I  found  the  mean  height 
0-760  m.  (20-922  in.). 

M.  de  Humboldt  |Tableau  Physique  des  Regions  Equmox- 
iales]  has  supposed  in  his  barometrical  measurements  the  height 
of  that  instrument  on  the  level  of  the  sea  0*76202  m.  (30*001  in.) 
at  -f-  25^  of  the  Cent,  thermometer.  Reducing  it  to  zero  of  the 
same  thermometrical  scale,  the  height  would  be 

0*7602  =  29*931 
Average  of  November  last  in  Washington  29*944 

Average  from  April  1823  to  April  1824  in  Washington    29*922 

M.  Biot  says  [Traite  de  Physique,  Experimentale  et  IMblh^ 
matique],  that  the  mean  height  of  the  barometer  is  on  the  level 
of  the  sea  0*7629  m.  (30*036  in.),  the  temperaove  being  0-8^ 
Cent.  (1*4^  Fahr.).    At  Paris,  on  die  level  of  the  Seine  it  is 
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0.76Qm.  (39*932 in.);  and  accor^g  to  the  observmtions  of 
Bohanlt,  continued  during  fifteen  years,  it  varies  Irom  0*7669  m. 
(30*193  in.)  to  0*7496  m.  (29*513  in.)  by  a  mean  temperature  of 
+  12^  Cent.  (53*60  Fahr.)     [T.  l.p.  95.] 

The  result  of  my  observations  from  1823  to  1824  is  exactly  ia 
accordance  with  that  indicated  by  M.  Biot  for  Paris,  and  by 
M.  de  Humboldt  for  the  average  hdght  on  the  level  of  the  ocean. 
M.  de  Humboldt  says,  that  this  latter  is  ^'the  result  of  his  obser* 
vxtbns  under  the  tropics,  as  well  on  the  coasts  of  the  Adantic  as 
OB  those  of  the  Pacific.  Bouguer  adc^ted  only  0*76022  m. 
(29*922  in.)  and  the  Spanish  Geometer,  Don  George  Juan, 
99*800  in.  La  Condamine  tliought  that  if  the  mean  height  of 
tlie  banxneter,  under  ihe  tropics,  was  not  less  than  29*841  in. 
(28  in.  of  Paris),  it  difiered  but  litde  fix>m  that  quantity." — "  My 
own  observations^"  continued  M.  de  Humboldt,  <'  made  with  ba- 
rometers well  purged  of  air  by  fire,  and  which  had  been  compar- 
ed wkfa  those  of  the  observatory  at  Paris,  seem  to  prove  that  die 
mean  pressure  of  the  air,  on  the  level  of  the  tropical  seas,  is  less 
than  in  die  temperate  zones." 

^M.  Shuckburg  has  found  the  latter  to  be  0*76300  m. 
(30*040  in.)  and  M.  Fleurian  Bellevue  0-76434  m.  (30-091  in.) 
l^  12°  Cent.  (53-60  Fahr.).  This  difierence  of  nearly  two 
millimeters  cannot  be  ascribed  only  to  the  difierence  of  the  mean 
temperature  of  Europe  and  the  equatorial  regions,  so  much  the 
less,  as  in  the  fewer  districts  of  Peru,  during  the  four  or  five 
months  that  the  sun  is  veiled  by  a  thick  mist,  the  thermometer 
remains  at  15°  or  16°  Cent.  (590  or  60*8o  Fahr.).  This  is  a 
problem  of  as  difficult  solution,  as  the  horary  oscillations  of  the 
barometer  under  the  equator." 

The  importance  of  barometrical  observations  needs  not  be 
urged  upon  you.  The  constitution  of  the  atmosphere,  its  form, 
and  its  state  in  its  successive  regions,  will  only  be  understood, 
when  a  great  numb^  of  observations,  made  witli  excellent  in- 
struments, will  furnish  to  great  mathematicians  the  necessary 
elements  jfor  this  difficult  discovery.  Much  has  been  done  in 
that  respect,  since  Pascal  applied  his  powerful  genius  to  this  sub- 
ject, and  taught  philosophers  to  determine  with  a  litde  quicksilver, 
inclosed  in  a  tube  of  glass,  the  various  density  and  pressure  of 
the  atmosphere,  and  in  consequence,  the  irregularities  of  the  sur- 
face of  the  earth ;  and  to  navigators  to  escape  dangers  winch 
^y  would  not  have  expected  when  guided  only  by  the  appear- 
ances of  the  skies. 

The  barometer  has  caused  the  discovery  of  striking  distinctive 
features  in  the  countries  situated  near  to  the  equator.    It  was 
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knoTm  the  height  of  die  baroroeler  dimimshes  from  the  pob  to 
the  equatorial  line.*  La  Condamine  had  ahready  mentioiied  the 
regularity  of  the  oscillations  of  the  mercury  in  duit  instrument, 
and  Halley  and  Cassini  had  investieated  with  sagacity  the  causes 
of  this  phenomenon.  But  M.  de  Humboldt  gave  certainty  to  this 
fact.  He  found  reeular  variations  at  every  hour  of  the  day,  not 
only  on  the  coast  of  the  Pacific,  and  the  valleys  of  the  Amaxon, 
but  on  places  elevated  12300  feet,  of  Paris,  above  the  level  of 
the  sea.  These  variations  are  not  influenced  by  die  weather, 
nor  by  changes  of  temperature,  nor  the  revolution  of  seasons,  but 
are  exclusively  connected  with  the  position  of  the  sun.  In  cer- 
tain places  under  the  tropics,  a  time-keeper  could  almost  be  reg- 
ulated by  the  state  of  the  barometer.  At  nooo  the  inatrumeDt 
stands  at  338*02  lin.,  at  12  o'clock  at  night  it  falls  to  S37-88,  at 
the  20th  hour  it  is  at  338*16. 

In  Europe,  the  climate  is  too  variable  to  give  such  eoocluttve 
and  regufaur  results.  Nevertheless  the  great  natural  philosopher 
Ramond  has  ascertained  from  observations  continued  during  seve- 
ral years,  a  vaiiation  of  the  barometer  influeflced  by  seasons* 
There  are  two  maxima  and  two  minma  resulting  from  these  ob* 
servations,  tlie  former  near  the  summer  and  winter  solsdces,  and 
the  latter  m  April  and  September,  and  the  mean  height  of  each 
month  is  as  the  maximum,  shortly  after  the  winter  solstice,  and 
the  minimum  in  April.  M.  de  la  Place  states  in  his  ''  Philosoph-' 
ical  Essay  on  Probabilities,"  that  analysis  proves,  diat  these  re* 
suits  are  probable,  and  that  they  are  moreover  confirmed  by 
other  observations.  That  eminent  Mathematician  adds :  *^  Time 
will  teach  if  the  months  of  the  barometrical  m/ooama  and  minima 
are  coeval  in  the  various  climates.  These  annual  and  diurnal 
variations  of  the  barometer  are  Uke  the  trade  winds  and  mon- 
soons, a  result  of  the  sokr  heat,  combined  with  the  rotary  motkxi 
of  the  earth." 

In  the  Memoir,  which  I  have  perhaps  ahready  too  often  quot- 
ed, I  have  mentioned  a  certain  regularity  which  I  have  observed 
in  the  diurnal  oscillations  of  the  barometer,  in  the  interval  from 
the  ITth  of  April  1823,  undl  the  18di  of  April  1824,  and  whidi 
consisted  in  the  diminution  of  the  height  of  the  mercury  from 
9  o'clock  until  4  o'clock  P.  M.  when  the  cohmm  rises  again,  till 
it  reaches  its  maximum^  for  the  space  of  a  day,at9  o'clock  A.M.' 
Such  observations  should  be  continued  for  a  series  of  years,  b. 
experimental  philosophy  aB  causes  which  aet  widi  regutarily  may 

*  The  avenge  of  it  ia  ft  line  leH  oa  tiie  equator  thio  between  the  40lii  and  iM 
des^ee  of"  latitude. 
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be  ascertained,  and  their  influence  distinctly  described  by  muhi* 
plied  observations  of  these  events.  "  And  the  analysis  of  proba- 
bilities,''  says  M.  de  la  Place,  *'  fixes  the  probability  of  the  exis- 
tence and  the  mten^ty  of  the  cause." 

Such  is  the  variety  and  the  importance  of  the  results,  to  which 
long  observations  may  lead,  that  even  a  natural  history  of  the 
atmosphere  may  at  some  future  time  be  written  ;  I  mean  a  histo- 
ry of  its  state  at  different  times.  Great  changes  of  heat  are  tes- 
tified by  the  annals  of  antiquity.  Rivers  which  were  firozen  in 
the  times  of  Julius  Cssar  and  Augustus,  the  Tiber  and  the 
Rhone,  flow  now  in  the  severest  winters.  The  Black  ^Sea  is  no 
more  the  hard  frozen  sea  of  CoDstandne  Copronomus,  and  Ger- 
many and  France  are  tropical  regions  in  comparison  with  the 
degree  of  cold  which  the  ancients  ascribed  to  them.  In  compar- 
ison with  such  changes,  the  following  may  hardly  seem  worth 
noticing,  to  individusds  who  are  not  aware  of  the  importance  of 
even  the  smallest  quantity  in  mathematical  inquiries.  According 
to  Carlini,  observations  made  at  Milan  indicate  a  diminution  of 
the  pressure  of  the  atmosphere.  The  mean  height  of  the  barom- 
eter was 

in.  lin. 

From  1764  to  1792  =  27—9-104 
From  1792  to  1801  =  27—8-522 
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Before  I  conclude,  Gendemen,  tliis  very  imperfect  attempt  to 
show  you  rather  my  respect  and  gratitude,  than  to  give  you  any 
information  on  the  subjects  which  I  have  mentioned,  I  wish  to 
acknowledge  the  satisfaction  I  derive  from  a  comparison  of  the 
results  of  my  observations,  with  some  of  die  data,  which  were  so 
ablv  presented  to  us  in  our  last  meeting. 

My  observations  comprehend  the  interval  already  mentioned 
firom  the  17di  of  April  1823  to  die  18di  of  April  1824.  The 
mean  heat  deduced  firom  them  is  58*5^  Fahr.  for  the  whole 
year,  67-6^  for  the  summer,  and  47*2^  for  the  winter.  Mr 
Litde  indicates,  in  round  numbers,  56^  as  the  mean  heat  of  the 
year.  Besides  that  my  observations  did  not  begin  with  the  1st 
of  January  1823,  nor  end  on  die  31  st  December  of  the  same 
year,  but  were  extended  beyond  the  subsequent  vernal  equinox, 
a  difference  of  2*5^  Fahr.  is  in  the  limits  oi  the  differences  that 
may  be  ascribed  to  a  difierence  in  the  method  of  observing,  and 
the  construction  of  the  instruments.  The  mean  result  of  Mr 
Little's  observations  for  the  last  3  years  is  56-3^.     Mr  Jo^ah 
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Meigs  rates  the  mean  temperature  of  1821  at  55*0!^;''  Tlie  re^ 
suit  I  have  jpresented  it  2*7^  greater  than  the  mean  heat  M.  de 
Humboldt  ascribes  to  New  York. 

In  his  mteresdng  dksertation  on  the  JUsiribution  of  heat  on 
the  surface  of  the  globe,  he  observes,  that  die  mean  heat,  during 
the  month  of  October,  can,  under  Ugh  northern  latitudes,  be 
considered  as  approacl^ng  the  mean  heat  of  the  whole  year. 
During  the  month  of  October,  I  found  it  to  be  13-3^  Cent. 
{55*9°  Fahr.).  The  difierence  between  the  average  heat  of 
mat  HMXith,  and  the  result  of  all  my  observations  for  a  year,  was 
consequently  Init  1*4^  Cent.  (2*6^  Fahr.).  With  respect  to 
New  York,  M.  de  Humboldt  rates  the  difference  only  0'4°  Cent. 
Our  colleague  states  the  mean  temperature  of  October  1823  to 
be  64^,  and  Ae  mean  temperature  of  the  whole  year,  66^, 
difference  2^.  With  respect  to  1824,  the  difference  it  only  1^, 
but  dming  1825  it  amounted  to  3^. 

The  hothermal  line  of  10*^,  according  to  the  ingenious  system 
of  the  great  German  traveller,  passes  through  this  country,  in 
4i^  45'  tat.  one  degree  south  of  DubKn,  half  a  degree  norm  of 
Paris,  (P  5'  south  of  Prague,  1^  5'  North  of  Buda,  anJl  2^  45' 
north  of  Pekin.  How  astonishing  must  be,  to  persons  unac-* 
quainted  with  this  subject,  such  a  similarity  of  temperature  be- 
tween Philadelphia,  the  latitude  of  which  is  39^  56',  and  Dublin, 
which  situated  in  51°  25',  and  the  difference  of  5^  Cent.  (9^ 
Fahr.^  in  the  mean  temperature  of  New  York  and  Naples, 
though  they  are  situated  imder  the  same  latitude. 

The  changes  of  temperature  are  rapid  in  this  country,  and 
very  great  in  comparison  with  the  variations  under  the  torrid 
zone.  But  it  must  not  be  forgotten  that  in  Paris  they  amount  to 
44^,  and  in  more  northern  countries  of  Europe  to  even  60^. 

Gendemen,  researches  in  the  field  of  science  become  daily 
more  numerous,  and  unexpected  results  are  the  reward  of  mde- 
fatigable  inquiry.  Mayer  is  no  more  an  authority.  -  His  specula- 
tions are  siiqperseded  by  experiments  and  analyses.  The  mean 
temperature  of  die  Pole  can  be  no  more  supposed  to  be  zero,  ad 
that  celebrated  astronomer  bad  stated.  Arago,  in  discus^g 
botii  hypotheses,  viz.  diat  this  continent  extends  itself  to  the  ^ 
northern  pole  contiguously  or  by  means  of  an  Archipelago  of 
islands,  litde  separated  from  each  other,  and  that  the  ocean  sur* 
rounds  diat  extremity  of  the  axis  of  the  earth,  and  availing  him- 
self of  observations  made  from  the  54^  to  the  Melville  islands^ 
situated  in  75^  lat.  has  established,  with  great  plausibility,  that  the 
temperature  of  the  pole  is  25^  Cent. 

iNay  the  heat  of  the  human  body  has  found  an  ingenious  ob-^ 
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server.  It  was  known  that  in  England,  the  temperature  of  our 
species  is  36-70  Cent.  (98.1<=>  Fahr.).  Dr  John  Davy,  in 
his  account  of  the  interior  of  Ceylon,  has  concluded  from  obser*' 
vations  made  with  several  individuals,  natives  of  Europe  and  of 
Ceylon,  that  by  going  from  a  cold  or  temperate  climate  to 
tropica]  countries,  the  heat  of  man  increases  1^,  and  in  some 
persons  l-S^  Cent. 

The  country  to  which  science  has  been  indebted  for  Franklia 
and  Rumford,  the  country  which  was  among  the  first  m  furnish- 
ing data  for  the  exact  determination  of  the  figure  of  the  earth, 
cannot  remain  indifilerent  to  exertions  for  the  advancement  oif 
human  knowledge. 


ettmtul  Xtitellfitetfce. 

Curious  Change  of  Colour  in  Oxides  of  Cobalt  and  Zine.^^ 
It  has  been  observed,  that  when  a  mixed  solution  of  zinc  and  ol 
cobalt  is  precipitated,  so  as  to  furnish  a  mixture  of  the  oxides, 
and  this  mixture  is  well  washed  and  dried,  it  forms  a  white  pow- 
der, which,  when  heated  in  a  close  vessel,  loses  water,  and  be- 
comes of  a  beautiful  green  colour,  diough  the  oxide  of  cobalt 
does  not  amount  to  above  one  sixth  part  of  the  whole.  When 
well  prepared,  it  is  probable  that  this  compound  may  be  found  to 
be  a  very  useful  pigment. — Quart.  Jour.  38. 

Refrigerating  Salt. — ^If  we  mix  57  parts  of  muriate  of  potash, 
with  32  of  muriate  of  ammonia,  and  10  of  nitrate  of  potash,  a 
refrigerating  salt  will  be  produced.  This  salt,  put  mto  four  parts 
of  water,  and  quickly  agitated,  will  make  the  thermometer  des- 
cend from  20^  to  5^  below  zero,  in  Reaumur's  thermometer. — 
Vauquelin,  Journal  de  Pharmade. 

Iodine  in  Mineral  Waters. — ^Iodine  was  first  discovered  in 
mineral  waters  by  M.  Angelini,  who  found  it  in  the  salt  water  of 
Voghera,  and  m  die  water  of  Sales  in  the  Voguerais.  M.  Cantu, 
Professor  of  Chemistry  at  Turin,  surprised  at  the  wonderful 
effects  of  the  sulphurous  water  of  Castel  Nova  d'Asti,  m  the 
treatment  of  goitres,  and  other  glandular  maladies,  examined  it 
chemically,  and  found  it  more  rich  in  iodine  than  any  other. — 
Mem.  de  Torino,  tom.  xxix.  p.  221. 

Remarkable  Hailstones  with  pyritic  Nudei. — ^The  following 
very  curious  account  of  these  hailstones  is  given  in  a  letter  from 
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Professor  John  of  Berlin,  to  Baron  Ferussac.  It  forms  also 
part  of  a  letter  from  Dr  Eversmann,  known  by  his  travels  in  Asia, 
dated  16th  September,  from  Orenburg,  where  he  has  landed 
property. 

"  Some  days  before  our  arrival  at  Sterlitamak,  (more  than 
100  versts  from  Orenburg,)  there  arose  a  storm  in  which  very  re* 
markable  hail  fell.  The  naibionesj  which  were  tolerably  hrge^ 
contained  a  sioney  and  crystallized  nudeus.  Thirty  of  them  have 
been  sent  to  our  Governor,  and  I  have  received  two  specimens." 
They  are  of  a  brown  colour  like  the  auriferous  pjrrites  of  Bere- 
sowsky,  in  Siberia.  Their  surface  is  shrivelled  and  shining* 
The  crystal  forms  a  flattened  octoedron,  whose  edges  are  salient. 
The  two  diagonals  of  the  base  are  five  Imes  by  four,  and  the  dis- 
tance of  the  summits  is  two  lines.  Sometimes  the  four  angles  of 
the  base  are  truncated.  It  teems  that  the  constituent  parts  of 
these  crystals  are  stdphur  and  metals.  No  analysis  of  tihem  has 
yet  been  made,  but  1  shall  perhaps  have  occasion  to  do  this.-— 
See  BvU.  des.  Sc.  Phys.  Feb.  1825,  p.  117, 

IHgtance  to  which  mvMUely^imded  Matter  may  he  carried  by 
the  Wind. — On  the  morning  of  the  19th  of  January  last,  m 
Forbes,  on  board  the  Clyde  East  Indiaman,  bound  to  London, 
in  lat.  10  deg.  40  min.  N.  and  long.  27  deg.  41  min.  W.  and 
about  600  miles  from  the  coast  of  Africa,  was  surprised  to  find 
the  sails  covered  with  a  brownish  sand,  the  particles  of  which, 
being  examined  by  a  microscope,  appeared  extremely  minute. 
At  2  P.  M.  the  same  d^y,  some  of  the  sails  being  unbent,  clouds 
of  dust  escaped  from  them,  on  their  flapping  against  the  masts. 
During  the  night,  the  wind  had  blowed  fresh  NE.  by  E.  and  the 
nearest  land  to  windward  was  that  of  the  African  coast  lying  be- 
tween Cape  de  Verd  and  the  river  Gambia.  May  not  the  seeds 
of  many  plants,  found  in  remote  and  newly-formed  islands,  have 
been  thus  conveyed  ? — [JVew  Monthly  Mag.^ 

f^ariations  in  the  Composition  of  the  Atmosphere. — Mr  Dahon 
states  that  he  has  found  the  oxygen  in  the  atmosphere  vary  fixim 
20*7  percent,  to 21*15  per  cent.  The  latter  was  the  case  on 
the  8th  of  January  last,  the  barometer  being  30-9,  wind  NE. 
and  very  moderate,  after  three  days  of  calm  and  gende  fix>st. 
The  general  state  of  the  atmosphere  yields  only  20*7  or  20*8  per 
cent,  of  oxygen. — [Ann.  Phil.'] 

lAterary  Property  in  France. — ^The  king  of  France  has  ap- 
pointed a  commission  to  prepare  a  law  for  the  protection  of  lit- 
erary  property.    The  members  are,  the  Marquis  of  Lally— 
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ToUendal)  Viscount  Lain6,  and  Count  Portalis,  peersof  Fraiice ; 
tioyer  Collard,  the  Count  de  Montbron,  and  Pardessus,  depu- 
ties }  SeUart  and  de  Vatirnesni],  privy  counseDors ;  Delate  and 
Villemain,  magistrates ;  Auger,  Kaynouard,  Andrieux,  Parseval- 
Grandmaison,  Picard,  Al.  Duval,  Michaud,  Dacier,  Baron  Cu- 
vier,  Baron  Fourrier,  and  Quatremere  de  Quincy,  members  of 
the  four  Academies ;  and  Baron  Taylor,  royal  commissioner  at 
the  Theatre-Fran^ais.  To  these  are  to  be  added  Messrs  Le- 
mercier,  Etienne,  Moreau,  and  Champein ;  who,  on  the  royal 
requisition,  have  been  elected  by  the  dramatic  authors  as  dele- 
gates, to  take  a  share  in  that  part  of  the  discussions  of  the  com- 
mission which  will  relate  to  the  interests  of  dramatic  literature. 
At  the  first  meeting  of  the  commission  it  was  unaramousfy-  re- 
solved to  invite  the  attendance  of  M.  Talma,  in  consequence  of 
the  close  connexion  between  the  interests  of  dramatic  authord, 
and  those  of  actors.  A  long  projei  of  a  law  has  been  submitted 
to  the  con^deration  of  the  commission,  divided  into  twenty  dis- 
tinct heads ;  which,  after  they  have  been  thoroughly  discussed, 
will  be  formed  into  the  four  following  chapters : — On  the  prop- 
erty of  literary  works  in  general ;  on  the  property  of  dramatic 
works ;  on  the  property  of  works  of  art ;  on  the  property  of 
musical  composittons.— [JVm  Monthly  Mag."] 

Patents. — ^Two  patents  have  recendy  been  obtained,  which 
promise  very  brilliant  advantages  to  then*  respective  proprietors, 
and  a  decided  benefit  to  the  public.  The  first  is  a  French  discov- 
ery of  an  extremely  hard  and  beautiful  cement  or  stucco,  manu* 
factured  firom  lime  and  some  other  injgredients,  by  which  every 
kind  of  marble  may  be  imitated.  It  is  as  hard  as  marble,  and 
resembles  it  closely.  Such  is  its  clo^ness  of  texture,  that  it 
will  admit  of  a  brick  being  struck  agamst  it  till  reduced  to  pieces, 
without  its  effecting  the  least  scratch  or  indenture.  Another  ad- 
mirable advantage  is,  that  it  admits  of  fi-esco  paintmg,  which  will 
endure  constant  washing  and  cleaning  without  sufiering  any 
injury.  Oil  painting  can  be  laid  over  die  cement  as  well  as 
water  colours.  Neither  wet,  heat,  cold,  nor  fix>st,  make  any 
impression,  nor  do  they,  to  all  abearance,  in  the  least  disturb  its 
particles ;  it  vn&  not  mke  off.  The  second  patent  is  for  oma*' 
ments  of  various  kinds  in  papier  m&dte^  The  q)ecimenB  already 
produced  are  equal  to  the  finest  carvings ;  at  present  it  is  intend- 
ed to  supersede  plaster  ornaments  for  j^kled  fi^ames,  either  of 
pictures  or  looking^-glasses,  and  for  embossed  ornaments  in  pai- 
neling  splendid  rooms.  If  it  be  good  for  fiames,  it  must  also  be 
good  for  firiezes  and  cornices  of  rooms,  halls,  staircases,  &c.    Its 
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peculiar  advantaees  are,  that  it  is  extremely  hard,  very  light,  and 
cheap. — [JVeto  Monthly  Mag."] 

Mr  PoncPs  Method  of  determimtig  the  Direction  of  the  Meridr 
ian, — ^This  method  consists  in  placing  two  very  distmct  and  well 
defined  objects  nearly  at  equal  distances  on  each  side  of  the 
north  mendian  line,  and  at  a  distance  from  each  other  nearly 
equal  to  twice  the  greatest  elongaticMi  of  the  pole  star.  Th^se 
objects  are  placed  by  means  of  a  telescope,  fixed  like  a  transit 
on  a  horizontal  axis,  and  pointed  to  the  pcde  star,  at  its  greatest 
elongation,  and  then  at  its  reflected  image,  the  central  wire, 
which  must  necessarily  describe  a  stricdy  vertical  circle,  wiU 
pass  over  some  terrestrial  object,  which,  if  well  defined,  will 
serve  for  the  mark ;  but  if  not,  a  mark  must  be  set  up  so  as  to 
be  bisected  by  the  wire.  The  same  being  on  the  other  side  of 
the  north  meridian,  the  distances  of  the  marks  fit>m  die  centrd 
wire  oiust  be  accurately  measured  with  a  micrometer.  The 
faorizQQtal  angles  between  the  marks  bebg  measured  by  a  theod«» 
olite,  a  meridian  mark  is  to  be  erected  exacdy  between  tbem^*— 
[BreiwaUr^t  JaumalJ] 

Remarkable  Effect  on  the  Cambridge  Transit  Imtrument,"^ 
In  adjusting  the  Transit  Instrument  recendy  put  in  the  New 
Observatory  at  Cambridge,  Mr  Woodhouse  observed,  that  the 
line  of  coUunation  deviated  occasionally  to  the  east  or  west  of 
the  meridian  mark  without  any  visible  cause.  He  at  last  found 
that  this  efifect  arose  fit>m  the  approach  of  the  assistant's  body  to 
the  lateral  braces  used  to  steady  the  instrument  in  an  invariable 
position  at  right  angles  to  its  axis.  The  expansion  of  the  brace 
nearest  him  thrust  the  axis  of  the  telescc^  aside.  Mr  Wood- 
house  proved  that  this  was  the  cause  of  the  deviation,  by  pro- 
ducing  the  same  efiect  with  hot  cloths  wrapped  round  the 
ahemate  braces,  and  he,  therefore,  provided  a  proper  apparatus 
to  {protect  the  braces  from  the  solar  heat,  during  the  approach  of 
the  sun  to  the  meridian* — [Brewtter's  JoumaiJ} 

Committee  for  the  Improvement  of  Glass  for  Optical  Purposes* 
'^We  understand  that  the  Rx)yal  Socieur,  of  London,  and  the 
Board  of  Lon^tude,  are  taking  efiectual  measures  for  the  im» 
nrovement  of  Glass  for  optical  purposes.  A  regular  glasshouse 
has  been  built  for  this  puipose,  and  a  series  of  experiments  will 
foe  immediately  b^gun,  under  the  direction  of  a  committee  of 
meodbers  of  the  Royal  Society,  fiom  whose  talents  and  diligence 
we^^anticipate  the  hiqiipiest  results^ — [Brewster^s  Journal,'} 
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Electricity  of  Flame, — ^M.  PouiDet  has  shown  that,  in  a  ver- 
tical flame  formed  by  the  combination  of  hydrogen  with  oxygen, 
the  visible  part  of  tlie  flame,  and  the  part  without  it,  to  the  dis^ 
tance  of  a  centimetre,  is  positively  electrified,  while,  in  the  inte- 
rior of  the  flame,  resinous  electricity  alone  is  found. — Ferussac*8 
Bulletin.'] 

Huygens*  Mathematical  Manuscripts, — A  part  of  these  man- 
uscripts contain  his  correspondence  with  the  philosophers  of  his 
time.  It  is  to  be  regretted  that  he  preserved  only  those  which 
were  the  most  interesting  to  him.  Among  them  are  his  corres- 
pondence with  Leibnitz  and  I'Hopital,  entire.  Another  part  of 
these  manuscripts  consisting  of  several  volumes  written  by  the 
hand  of  Huygens,  contain  essays  on  several  of  his  theories. 
The  manuscripts  of  his  published  works  have  likewise  been 
found.  Joined  to  his  dissertation  on  the  percussion  of  bodies, 
are  several  pieces,  to  show,  as  it  appears,  the  periods  when  his 
researches  on  this  subject  were  made. 

M.  Uylenbrock,  lecturer  b  the  University  of  Leyden,  pro- 
poses to  publish  the  correspondence  with  Leibnitz  and  THopital) 
which  is  upon  the  difierential  calculus ;  in  which  Leibnitz  ex- 
plains the  use  of  the  calculus,  to  Huygens,  and  I'Hopital  solves 
several  problems  that  the  latter  had  proposed  to  hmi.  Tlie 
editor  confining  himself  to  the  pieces  of  great  interest,  believes 
that  he  shall  be  able  to  reduce  the  work  to  3  vols.  4to,  and  per- 
haps even  to  one. — \Fenissac*s  Bulletin,] 

Light  produced  during  Crystallization, — ^Dobereiner  states, 
that  a  splendid  instance  of  light  produced  during  crystallization 
was  observed  by  M.  Buchner,*of  Magbnza,  during  the  sublima- 
tbn  of  benzoic  acid,  previously  mixed  with  pulverized  carbon. 
The  sublimation  was  carried  on  in  a  tall  glass  cylinder  upon  a  stove, 
and  when  it  had  well  begim  there  appeared  an  uninterrupted 
succession  of  sparks,  continuing  for  half  an  hour,  and  which 
ceased  only  when  the  cylinder  was  removed  from  the  stove. 

Dobereiner  states,  that  he  has  reason  to  believe  those  salts, 
containing  no  water  of  crystallization,  are  especially  powerful  in 
producing  light  during  their  crystallization. — CHor,  di  FisicOj  vii, 
470. 

Test  of  the  Presence  of  Muriatic  or  JSIitric  Addy  or  Sdlis  of 
these  Jlctds, — For  Murintic  Add^  or  Muriates,  Put  pure  nitric 
acid  into  a  porcelain  capsule,  and  throw  to  the  bottom  of  it  a 
very  minute  quantity  of  finely-divided  gold,  precipitated  from  its 
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solution  by  sulphate  of  iron ;  put  into  the  acid  a  minute  fragment 
of  any  muriate,  by  degrees  the  gold  will  be  surrounded  by  a  light 
yellow  tint,  a  certain  sign  that  it  is  attacked.  A  fiftieth  of  a  grain 
of  a  muriate  may  be  detected  in  this  manner. 

Far  Nitric  Add  or  Nitrates.  Operating  in  an  inverse  man- 
ner, the  presence  of  a  nitrate  in  a  soluble  salt  may  be  ascertained. 
The  gold  should  be  put  into  muriatic  acid  as  pure  and  as  colour- 
less as  possible,  and  then  a  fragment  of  the  salt,  supposed  to 
contain  a  nitrate,  added ;  sometimes  this  experiment  required 
many  hours  for  its  completion,  if  there  be  but  a  small  quantity  of 
nitrate  present. 

This  variation  of  Dr  Wollaston's  test,  may  at  times  be  usefully 
employed. — [Ann.  de  Chimic.  iLXviii,  36.] 

Meteor. — ^A  brilliant  meteor  was  observed  on  the  evening  of 
Ma;rch  Slst.  about  8  o'clock,  in  the  SSW.;  its  elevation  when 
first  observed  being  apparently  40°.  A  strong  stream  of  light 
was  thrown  out  in  the  direction  from  which  it  descended.  Be- 
fore it  descended,  the  light  disappeared  entirely.  From  the  ap- 
pearances, it  is  probabl^that  an  aerolite  (or  meteoric  stone)  fell 
somewhere  in  this  vicinity — Cambridge.  It  appears  by  an  ac- 
count firom  New  Haven,  that  the  same  meteor  was  seen  at  that 
place,  pas^g  in  a  westerly  direction*  Its  passage  was  accompa- 
nied with  an  explosion. — [W]. 


Celestial  Phenomena  for  the  months  of  April  and  May  1826,  c«m- 
putedfor  Cambridgeyin  lat.  42°  23'  28'  N.  and  long.  71°  7' 25" 
W.     Mean  time.     Communicated  by  R.  T.  Paine,  Esq. 

April  1826. 

D.       H>      Al«        S* 

S       9     17    28  p.  M.    ^    1)  and  Situla,  in  the  ecliptic. 

4  Greatest  elong  of  $  east  of  Q. 

5  2  57  40  A.  M.  Em.  U  1st.  Sat. 

6  S  37  07  P*  M.  Em.  U  2d  Sat. 
«   9  26  14   "   Em.  U  1st.  Sat, 

12  5   5  16   "   *  4  3)  and  f  H. 

13  4  43  19   ^'  if  ^    1>   and  v  n. 
"   11  14  16   «   Em.  U  2d.  Sat, 

«   11  20  35   «   Em,  U  1st.  Sat. 

14  7  18     A.  M.  n  of  «  W.  of  0. 

16       6     28     38  P.  M.    J    D  and    X        ,  in  the   ecliptic,  at 

nearest  ap.  Hf,  3'  ap.  south  of  J) . 
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18  7  55  33      <<      4c  6    >  and  55  A  ia  the  ecliptic. 

«  7  32  22      "      Em.  of  55  il  1',  3  s.  of  J  'a  centre. 

20  10  57  32  A.M.  ©  enters  ^. 

21  1  15  01       "      Em.  U  1st.  Sat. 
«  1  51  31      «      Em.  U  2d.  Sat. 

22  9  36  59  P.  M.  Em.  U  3d.  Sat 

23  5  25  27  A.  M.   <S    D  and  i  ^  in  the  ecliptic. 

24  9  28              **      Inf.  4  of  5 . 

29  9  38  09  P.  M.  Em.  it  1st  Sat. 
«  10  20  21       ^      Em    1i  2d.  S«t. 

30  1  35  29  A.  M.  Em.  U  2d.  Sat. 

May  1826. 

D.  H<  M.  S. 

1  2  59  08  A.  M.   6  )  aed  situlayaTery  nesr  appraach. 

2  5  27  01    ^^      6    3)  and  X  Xy  aiiear  approaclw. 

5  2  13              "       *  of  ^. 

6  11  32  43  P.  M.  Em.  It  1st  Sat. 

8  8  24  12      ^      Em.  U  24.  S«^ 

9  10  57  27      "      <S    5  and  Cg. 
10  10  39  58      <<       6    D  and  v!i. 

13  1  51  13  P.  M.  :>|c   6    3)  and  k-^tB. 

"  7  55  35      "       6    5  and  1  a  -3  in  the  ecliptic- 

"  8  0  02      "      Immersion  1-5'  7   north  of  j*  's 

**  9  7  49      "      Emersion   6*9  ^       centre. 

<*  8  49  47      **       ^    j)  and  Acubens. 

14  1  27  20  A.  M.  Em.  U  Ist.  Sat. 

15  11  01  28  P.  M.  Em.  U  2d.  Sat. 

16  8  42  31      '<       ^    })  and  e  .:  in  the  ecliptic. 
«  7  49  37      "      Immersion  3-2'  south  >  of  B  *» 
**  9  5  59      *'      Emersion  1-1' north  $  centre. 

21  '^  tot.  eel.  invisible. 
^'  11  19      3  A.M.  0  enters  n. 

22  2  I                     Great.  elcMi^.  of  )(  W.  of  O* 
<<  9  50  39  P.  M.  Em.  U  Ist.  Sat. 

27  4  06          A.  M.  n  of  U  E.  of  0 

29  11  45  19  P.  M.  Em.  U  Ist  Sat. 

(To  be  continued,) 


£RRATA. 

In  the  notice  of  the  comet,  page  lOl,  for  5P  32'  read  5e9  dSt.ln  the  ee^ 
lestial  pheDOmena,  page  102|  Nov.  26th.  for  5  h.  41  oi.  read  5hr  47  m. ; 
and  in  the  seeond  line  of  the  note  at  bottom  of  same  page,  deU  <* ; "  after 
«<  sanset" 
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Aet.  XXXn. — A  Review  of  some  leadingPoints  in  the  Official 
Character  and  Proceedings  of  the  lateFresident  of  the  noyd 
Society.    By  a  Correspondent.     [Phil.  Mag."] 

[The  writer  of  the  foUowing  Review  relies  upoo  the  established  liberality  and  can- 
dour of  the  l^tor  of  the  Philosophical  Magazine,  when  he  transmits  for  insertion 
ill  that  Tidnable  publication  an  article  which  may,  probably,  run  counter  to  the 
usual  train  of  his  own  sentiments  and  feelings.  The  main  object  of  the  writer  is 
to  enable  the  members  of  one  of  the  most  honourable  of  British  Institutions,  by  a 
calm  retrospect  of  past  occurrences  to  diminish  the  evil  effects  which  have  result* 
ed  from  them,  as  well  as  to  prevent  the  recurrence  of  similar  practical  errors  in 
future.  He  has  advanced  nothing  as  facts,  but  what  he  has  carefully  verified ; 
and  as  he  wishes  those  facts  alone  to  make  their  due  impression,  he  does  not  think 
it  necessary  to  accompany  them  with  his  name.] 

The  Royal  Society,  as  Cbamberlayne  remarks,  "  chose  for 
its  motto  Jfuttitts  in  verhaj  to  testify  dieir  resolution  not  to  be 
enslaved  by  any  of  the  greatest  audbority  in  their  inquiries  after 
nature;"  and  so  long  as  their  Presidents  were  changed  with 
moderate  frequency,  and  no  one  acquired  any  more  authority 
or  influence  than  was  due  to  his  talents  and  his  virtues,  independ- 
ently of  his  rank  (whatever  that  might  be,)  aU  continued  to  go  on 
well.  The  arts  and  soences,  in  their  numerous  departments, 
were  promoted  by  the  labours  and  inquiries  of  tlie  different 
members  of  the  Society  ;  each  brought  from  his  own  stock  to 
deposite  in  the  general  storehouse  ;  aU  was  harmony ;  and  bick- 
enng  and  usurpation  were  alike  unknown.  The  distinctions 
which  prevail  in  human  society  were  not  forgotten  ;  but  they 
were  not  permitted  to  operate  injuriously  in  a  society  where  all 
were,  by  its  original  constitution,  fellows.  An  authorized  list 
of  the  members  of  the  Royal  Society  circulated  in  1693,  only 
thirty  years  afler  its  incorporation  by  charter,  terminates  thus  : — 
"  The  reader  may  perceive  by  this  list,  how  many  sober,  learn- 
ed, solid,  ingenious  persons,  of  different  degrees^  religions,  coun- 
tries^ professions,  trades,  ^nA  fortunes,  have  united  and  conspired, 
laying  aside  aU  names  of  distinction,  amicably  to  promote  exper- 
imental knowledge." 

Indeed,  it  is  only  by  determining  thus  to  "  lay  aside  all  distinc- 
tions," except  those  which  talents  and  genius  confer,  that  a  So- 
ciety formed  for  the  purpose  of  augmenting  tlie  sphere  of  natu- 
ral knowledge  in  all  its  branches  can  be  adequately  efficient ;  for 
if  it  be  "  with  wise  intent"  that 

**  The  hand  of  Nature  on  peculiar  minds 
Imprints  a  different  bias,  and  to  each 
Decrees  its  province  in  the  common  toil," 

it  is  surely  wise  for  such  an  institution  to  collect,  arrange,  and 
Bost.  Jour.  April  Sf  May,  1826.  39 
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classify  the  results  of  the  individual  energies  of  its  members, 
however  diversified  their  several  pursuits,  or  however  varied  the 
stadons  in  political  society  which  they  occupy.  Thus  has  the 
Royal  Society  proceeded  in  different  periods  of  its  history.  It 
did  not  expel  Isaac  J^ewton  at  a  time  when  he  was  too  poor  to 
defray  the  weekly  charges  of  the  Society ;  nor  diid  it  refuse  to 
admit  Edmund.  Stone  or  Thomas  Simpson,  or  James  Fer^sc-n, 
although  one  had  been  a  gardener's  son,  the  other  a  weaver,  and 
the  third  a  shepherd. 

These,  and  other  important  benefits,  likely  to  accrue  (rom  the 
voluntary  association  oi  men  of  science,  may  undoubtedly  be  pre- 
served, although  any  one  of  their  number  chosen  to  be  their  Pres- 
ident should  continue  such  for  a  series  of  years,  or  although  he 
be  a  man  of  elevated  or  noble  rank.  The  history  of  the  Royal 
Society  presents  instances  of  this  kmd ;  as  will  be  evident  from 
the  subjoined  list  of  Presidents  from  the  commencement  of  the 
Society  to  the  present  time.*  But,  in  order  that  benefits  like 
these  may  contmue  to  result,  be  it  recollected,  as  has  always 
been  observed,  and  will  doubtless  in  future  be  found,  that  the 
Presidents- of  the  Royal  Society  who  i^st  successfully  promote 
its  interests,  are  men  ardently  attached  to  some  one  branch  of 
science,  yet  not  depredators  of  other  departments  of  human  re- 
search, men  of  candour,  men  firee  firom  the  love  of  political  in- 
trigue, and  firee  from  its  usual  associate — the  love  of  dominatioD. 

It  will  appear  evident,  then,  without  further  preliminary  obser- 
vation, that  the  character,  disposition,  and  talents,  of  a  President 
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of  a  literary  or  a  scientific  society,  will  have  an  influence  upon 
its  members,  its  proceedings,  and  its  utility,  beanng  some  natural 
proportion  to  the  interval  during  which  he  presides  over  it.  Con- 
sequently, since  tlie  late  Sir  Joseph  Banks  occupied  the  chair  of 
the  President  in  the  Royal  Society  for  more  than  forty  years,  at 
an  age  of  the  world  when  science  in  almost  every  department 
and  in  every  country  of  Europe  was  making  the  most  rapid  ad- 
vances, it  will  become  the  duty  of  the  impartial  historian  of  Brit- 
ish science  to  ascertain  what  were  the  qualifications  of  this  gen- 
tleman to  preside  for  so  many  years  over  that  illustrious  body^ 
what  were  the  topics  of  inquiry  which  he  most  encouraged,  what 
were  those  which  he  uniformly  repressed,  and  what  have  been 
the  consequences  with  regard  to  certain  sciences  of  Britain,  in 
comparison  with  the  cultivadon  and  augmentation  of  the  same  in 
other  parts  of  the  world. 

The  following  pages  may  probably  assist  in  this  inquiry  :  and 
I  would  simply  premise,  that  though  I  shall  throughout  employ 
the  language  of  frankness,  as  best  calculated  to  elicit  and  exhibit 
truth,  yet  1  have  not  the  remotest  inclination  to  violate  the  laws 
of  propriety  and  decorum,  or  to  lose  sight  of  the  solemn  conside- 
ration that  the  subject  of  animadversion  is  now  alike  indififerent  to 
human  praise  and  blame.  So  far  as  my  judgment  and  infor- 
mation will  enable  me,  I  shall  represent  things  as  they  were ; 
so  that  while  on  the  one  hand  I  shall  *'  nothing  extenuate,"  I 
should  be  equally  resolved  "  to  set  down  nought  m  malice,"  even 
(which  however  is  not  the  case)  if  my  personal  intercourse  with 
oir  Joseph  had  called  into  exercise  that  baneful  passion. 

Several  of  the  eulc^bts  of  the  late  President  have  fancied  that 
tfaey  could  render  hb  merits  more  promment  by  placing  them  in 
contrast  with  those  of  his  inunediate  predecessor,  Sir  John, 
Pringle.  I  shall  therefore  be  the  more  readily  pardoned  for  a- 
dopting  a  like  proceeding  in  this  review. 

Sir  John  Pringle  was  elected  a  fellow  of  the  Royal  SocieQr  in 
die  year  1745,  and  had  even  then  a  high  reputation  for  medical 
knowledge  and  skill.  Afterwards  he  wrote  pretty  copiously  upon 
many  subjects  connected  with  his  profession,  and  communicated 
several  bteresting  papers  to  the  Transactions  of  the  Royal  Soci- 
etyi  in- this  manner,  as  well  as  in  consequence  of  an  extensive 
practice,  becoming  very  eminent  both  as  a  practical  physician, 
and  as  a  medical  writer.  But  his  reputation,  exalted  as  it  was 
ID  these  respects,  was  not  confined  to  them.  He  had  a  great 
k>ve  for  science  generalhr,  and  he  cultivated  it  with  correspond- 
ing ardour.  Early  in  life  he  had  read  the  works  of  Bacon  with 
great  attention,  and  his  mind  became  in  consequence  predisposed 
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to  the  genuine  mode  of  philosophizing  by  means  of  well  conduct^* 
ed  experiments :  he  never  suffered  himself  to  be  seduced  hy 
mere  dieory,  but  most  valued  and  most  promoted  those  sciences 
which  rested  on  the  firm  basis  of  fact.  With  the  exception  that 
he  had  no  relish  for  poetry,  he  had  a  well  formed  taste  ;  and  he 
was  a  man  of  extensive  reading  and  of  deep  reflection.  He  was 
not  too  much  of  a  philosopher  to  be  ashamed  of  avowing  his  be- 
lief in  a  divine  revelation ;  but  read  and  thought  much  on  the 
momentous  subject  of  religion.  He  maintained  for  some  time  an 
active  correspondence  with  the  celebrated  Michaelis,  who  ad- 
dressed to  him  some  valuable  letters,  in  Latin,  on  Daniel's 
Prophecy  of  the  seventy  tueeks,  which  Sir  John  published  in 
1773. 

During  the  six  years  that  Sir  John  had  the  honour  of  bemg 
President  of  the  Royal  Society,  he  adopted  the  practice  of  deliv- 
ering an  oration  on  die  assignment  of  Sir  Godfrey  Copely's  med- 
al to  the  author  of  some  valuable  invention  or  discovery.  He 
was  led  to  this  almost  entirely  by  accident;  but  the  addresses 
thus  delivered,  being  intended  to  point  out  what  was  actually  due 
to  the  individual  who  received  the  medal,  by  showmg  what  had 
been  effected  before  in  the  same  department  of  research,  became 
exceedingly  valuable  as  brief  historical  disquisitions;  and  being 
each  directed  to  a  diferent  topic  of  inquiry,  they  evmced  such 
an  extent  and  variety  of  reading,  such  a  correctness  of  judgment, 
and  such  a  fireedom  fix)m  bias  or  partiality,  as  were  at  once  hon- 
ourable to  him,  and  to  the  society  who  had  elected  such  a  Presi- 
dent. Of  these  discourses  the  1st  was  *^  On  the  different  kinds 
of  air,"  delivered  November  30,  1773,  on  the  assignment  of  the 
G)pleian  medal  to  Dr  Priestley  ;  the  2d, "  On  the  Torpedo,"  in 
1774,  on  presenting  the  medal  to  IVfr  Wahh;  the  3d,  "  On  the 
attraction  of  mountains,"  in  1775,  on  presenting  the  medal  to  Dr 
Maskelyne  for  his  observations  at  ochehallien ;  the  4th,  ^  On 
preservmg  the  health  of  mariners,"  delivered  in  1776,  on  assign- 
ing the  medal  to  Captain  Cook  ;  the  5th,  '^  On  the  mvention  and 
improvements  of  the  reflecting  telescope,"  in  1777,  on  assigning 
the  medal  to  Dr  Mvdge  of  Plpiioudi;  the  6th  and  last,  ''On 
the  theory  of  gunnery,  was  delivered  on  the  day  of  his  resigna- 
tion, when  he  presented  the  medal  in  the  name  of  the  Society  to 
Dr  Button  of  Woolwich,  on  account  of  his  important  experiments 
on  that  subject. 

Diversified  as  were  the  topics  of  these  discourses,  their  author 
seems  "  at  home"  in  each.  His  researches  were  often  erudite  ; 
his  remarlcs  ingenious  and  solid,  sometimes  profound  ;  his  lan- 
guage elegant  and  perspicuous,  occasionally  passing  into  a  stream 
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of  genuine  eloquence  which  reaDy  enchants  and  captivates  the 
reader. 

Sir  John  was  a  man  not  merely  of  scientific,  but  of  hi^h  mor- 
al character.  He  was  of  cheerful  habits,  but  an  enemy  to  all 
kinds  of  intemperance.  His  manners  were  kind,  respectful,  and 
obliging ;  but,  says  one  of  his  biographers,  "  his  sense  of  integri- 
ty and  dignity  would  not  permit  him  to  adopt  that  false  and  su- 
perficial politeness,  which  treats  all  men  alike,  though  ever  so 
difierent  in  point  of  real  estimation  and  merit,  with  the  same 
show  of  cordiality  and  kindness." 

Such  was  Sir  John  Pringle.  Let  me  now  attempt  to  delineate 
the  character  of  his  successor. 

Sir  Joseph  Banks  (bom  1743,  elevated  to  the  rank  of  baro- 
net in  1781,)  was  a  man  of  good  fortune,  and  is  said  to  have  re- 
ceived a  liberal  education,  partly  at  Oxford.  He  early  evinced 
an  attachment  to  the  pursuit  of  natural  history,  and  in  1766,  at 
twenty-three  years  of  age,  became  a  fellow  of  the  Royal  Society. 
In  1768  he  set  sail  with  Cook  in  the  Endeavour,  and  during  the 
whole  of  that  interesting  voyage  paid  considerable  attention  to 
the  natural  productions  of  the  various  parts  of  the  world  they 
visited.  He  was  assisted  in  his  zoological  and  botanical  researches 
by  Dr  Solander,  a  pupil  of  Linnaeus.  I  am  not  minutely 
acquainted  with  the  nature  and  extent  of  the  benefits  mutually 
received  and  communicated  by  these  two  celebrated  men  ;  but 
one  of  the  wicked  wits  of  the  day,  who  affected  to  be  in  the 
secret,  attempted  to  develope  it  in  a  single  couplet : 

"  Throuffh  east,  or  west,  or  north,  or  south,  they  wander, 
You  11  mid  on  shallow  Banks  feeds  fat  SolanderJ*^ 

After  the  return  firom  Cook's  first  voyage,  Mr  Banks  made 
considerable  preparations  to  accompany  him  a  second  time  ;  but 
the  circumnavigator  and  the  naturalist  had  agreed  so  ill  while  they 
were  together  in  the  Endeavour,  and  Cook  had  been  so  thorough- 
ly disgusted  with  the  assumption  of  the  great  man  and  the  unac- 
commodating airs  of  his  companion,  that  he  took  eSectual 
measures  to  firee  himself  from  hke  vexations  during  his  second 
voyage.  Mr  Banks,  to  hide  firom  the  world  his  chagrin  and 
mortification,  and  to  appropriate  to  some  useful  purpose  the  ex- 
pensive apparatus  he  had  prepared  to  accompany  Captain  Cook, 
projected  a  voyage  to  Iceland  :  soon  hiring  a  vessel,  he  was  again 
accompanied  by  Dr  Solander.  Sir  Joseph's  biographer  in  the 
paper  called  The  JVew  THmeSy  says  on  this  occasion,  '^  His  haz- 
ards were  rewarded  by  the  discovery  of  the  cave  of  Stafi!a." 
What  was  the  nature,  of  this  discovery  I  cannot  conjecture.  Staffa 
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had  been  then  long  known,  and  even  described,  thoii^  slightly, 
by  Buchanan.  Von  Troil,  Banks,  and  Solander,  were  conducted 
to  Stafia  by  Mr  Maclean,  a  Scotch  gentleman  of  fortune,  who 
bad  often  been  there  before,  and  enabled  our  voyagers  to  discover 
precisely  what  he  showed  them. 

Almost  immediately  after  Mr  Banks's  return  from  this  northern 
voyage,  he  began  to  take  an  active  part  in  some  of  the  ifteasures 
then  carrymg  on  in  the  Royal  Society ;  and  on  the  resignation  of 
Sir  John  Prmgle,  in  November  1778,  he  was  appointed  to  sue* 
ceed  him.  The  world  began  anxiously  to  inquire  what  where  hb 
requisites  for  this  exalted  station  ;  but  did  not  then  receive  a  very 
satisfactory  answer.  He  was  Imown  to  be  a  man  of  enterprise 
and  of  strong  passions ;  a  warm  friend  while  his  friends  were 
subservient  to  his  purposes,  and,  if  otherwise,  what  Dr  Johnson 
denominated  '^  a  good  hater."  He  was  notoriously  fond  of 
farming,  fond  of  grazing,  fond  of  gardening,  fond  of  "  damming 
and  sinking,"*  and  fond  of  domineering :  these,  however,  were 
qualifications  for  the  office  so  dubious  that  the  public  naturally 
sought  for  something  more.  What,  tliey  asked,  has  he  publishr 
ed  ?  Where  are  the  volumes  that  bear  his  name  ?  When  they 
were  answered  ^^  Nowhere,^'*  tliey  asked  again,  What  are  h» 
pampMeis^  and  on  what  subjects  f  Where  are  his  papers  in  the 
Philosophical  Transactions  of  the  Society  over  which  you  have 
appointed  him  to  preside,  and  on  what  do  they  treat  ?  To  these 
and  similar  questions  no  answer  could  then  be  returned  :  and  if 
such  inquiries  were  now  to  be  proposed,  his  friends  would  have 
little  else  to  say,  except  they  felt  inclined  to  exult  in  his  little 
Essay  on  hligkty  and  perhaps  a  diminutive  disquisition  or  two  oa 
the  manufacture  of  gooseberry-wine,  or  something  like  it,  in  the 
Horticultural  Transactions. 

Indeed,  during  the  whole  course  of  his  long  presidency  he 
e^dnced  an  absolute  ignorance  of  several  of  the  most  interesting 
and  useful  sciences.  Of  mathematics,  either  pure  or  mixed,  he 
knew  nothing.  The  sublime  investigations  of  Landen,  Euler, 
Lagrange,  and  Laplace,  had  no  more  charms  for  Sir  Joseph,  than 
for  the  rudest  peasant  tiiat  laboured  on  his  Lincohshire  estates. 
Nor  was  he  merely  ignoi-ant  of  these  sciences.  He  had  a  dislike 
to  them ;  and  for  many  years  indicated  this  dislike   by  some 

*  This  strange  phrase  was  one  which  Sir  Joseph  delighted  to  giye  in  the 
shape  of  a  (oasti  among  the  Lincolnshire  farmers.  '*  Success  to  dammhie 
and  sinking/'  meant  saecess  to  draining  the  fens ;  but  then  it  was  delivered 
in  an  enigmatic  approximation  to  profanity,  which  he  thought  he  might  ven- 
ture upon  without  losing  his  character  as  a  gentleman  and  a  philosopher. 
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wa^ish  and  petalant  expression  from  the  chair  whenever  a 
mathematical  paper  was  read.  Up  to  more  than  forty  years  of 
s^e,  I  am  positively  assured  that  he  knew  scarcely  any  thing  of 
chemistiy ;  but  in  this  department  of  knowledge,  it  was^fter- 
wards  said,  he  made  a  respectable  proficiency.  Natural  history 
has  been  generally  acknowledged  to  be  the  only  study  which  he 
pursued  with  ardour  and  relish  ;  yet  even  here,  if  I  am  correctly 
mformed,  he  made  no  eminent  attainments.  A  friend  of  mine 
had  an  opportunity,  a  few  years  aeo,  of  ascertaining  the  opinion 
of  a  very  competent  judge,  one  of  the  most  eminent  members 
of  the  Linnaean  Society,  as  to  this  point.  The  following  is  an 
account  of  what  passed  between  tliem. 

Q.  Will  you  allow  me,  Sir,  to  ask  what  is  your  opioion  of  Sir 
Jceefik  Banks  as  a  man  of  science  ? 

A.  I  should  conceive.  Sir,  there  cannot  be  much  need  to  ask 
such  a  question.     You  know  he  is  called  the  patron  of  science. 

Q.  Yes,  I  know  he  is  :  but  that  does  not  prove  that  he  posses^ 
ses  it.  /  have  some  doubts  about  the  matter,  and  take  the  liber^ 
to  inquire  of  you,  as  one  who  knows  him  well.  Is  he  really  emi- 
nent as  a  natural  historian  ? 

A.  He  has  a  very  extensive  and  valuable  library  in  the  de- 
partment of  natural  history. 

Q.  So  I  have  always  understood :  but  pardon  me,  Sir,  this 
does  not  meet  my  question.  Allow  me  to  ask  again,  Is  he  really 
eminent  as  a  natural  historian  f 

A.  Natural  history  is  a  very  comprehensive  classification  of 
knowledge ;  what  department  of  it  do  you  principally  allude  to  ? 

Q.  Really,  Sir,  I  scarcely  know  how  to  direct  my  inquiries  to 
a  narrower  point,  as  I  am  but  litde  conversant  with  these  matters. 
I  have  understood,  however,  that  he  is  an  eminent  botanist :  what 
is  your  opinion  on  that  head  ? 

A.  Why,  that  if  he  be  so  reckoned,  it  must  have  been  in  a 
company  of  washeruHmen ! 

Thus  terminated  the  inquiry. 

Well,  but,  say  some,  if  Sir  Joseph  was  not  a  man  of  profound 
knowledge  in  any  one  department,  or  of  an  excursive  turn  of 
mind  which  made  him  at  least  speciously  acquainted  with  several, 
we  presume  he  was  a  man  of  address,  and  probably  one  with 
some  pretensions  to  eloquence.  We  presume  he  trod  in  the 
steps  of  his  predecessor  with  regard  to  the  anniversary  oration  on 
assigning  the  Copleian  medal.  No  such  thing.  For  some  years 
Sir  Joseph  made  no  attempt  of  the  kind  :  but  it  having  been  in- 
sinuated in  the  course  of  the  discussions  of  which  I  shall  present- 
ly have  to  speak,  that  he  was  incompetent  to  prepare  and  deliver 
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a  set  discourse  on  any  subject, — ^to  put  to  silence  these  impudent 
calumniators,  be  delivered  an  address  at  the  anniversary,  Novem- 
ber 30,  1784.  In  that  year  the  medal  was  assigned. to  Dr 
Waring,  for  one  of  his  papers  On  the  SummcUum  of  Series,  Of 
the  address  delivered  on  that  occasion  I  have  the  happiness  to 

rssess  a  copy,  probably  the  only  one  now  in  existence  :  to  grati- 
the  natural  curiosity  of  the  public  on  so  interesting  a  matter,  I 
here  present  the  speech,  retaining  bondjide^  the  original  orthog- 
raphy, punctuation,  &c. 

Sir  Joseph  Banks^s  Speech,  JSTovember  30,  1784.* 

[Exactly  copied  both  as  to  orthography,  punctuation,  &c.] 

Altho'  your  Council,  whose  Office  it  [isl  to  allott  Sir  Godfrey 
Cc^leys  Annual  Bounty  to  the  Person  by  whose  Communications 
the  Progress  of  Science  has  received  the  most  usefull  Assistance  ; 
observed  with  pleasure,  that  the  Papers  read  at  the  meetings  of  this 
Year,  which  independant  of  Competition  with  each  other,  de> 
serv'd  that  valuable  testimony  of  the  Societies  approbation,  were 
more  numerous  than  usual ;  they  felt  little  hesitation  in  Forming 
their  decission  :  remembering  how  materially  Science  had  already 
Profited  by  Dr  Waring's  successful!  Labors,  considering  the  sul>- 
ject  matter  of  his  Elssay  as  congenial  to  the  Views  of  the  Royal 
Society  and  above  all  admiring  the  able  &  Scientific  manner  in 
which  he  has  treated  that  subject,  more  abstruse  6l  complicated 
perhaps.  Than  any  other  in  which  the  institution  of  the  Royal 
Society  interests  itsel£  They  were  enabled  to  decide  with  Speed 
&,  perfect  unanimity. 

To  Edward  Waring  then  Dr  of  Physic  Lucasian  Professor  of 
the  Mathematic's  in  the  University  of  Cambridge  Fellow  of  the 
Royal  Society  of  London  &  Member  of  the  Academy  of  Sciences 
at  Bologna  I  am  directed  to  deliver  that  tribute  which  the  Hoyal 
Society  annually  pays  to  the  most  approved  merit,  for  his  Paper 
entitled — on  the  Summation  of  Series,  whose  general  term  is  a 
determinate  Function  of  Z  the  distance  from  the  first  term  of  the 
Series. 


*  I  hold  myself  answerable  for  the  aulhenticity  of  this  curious  document. 
No  sooner  had  Sir  Joseph  terminated  this  address  than  a  marrour  of  Rignui' 
role !  Rigmarole  !  ran  through  <'  the  faction,"  as  they  were  termed.  Some 
ef  the  President's  less  judicious  partisans  immediately  proposed  the  publiea' 
Hon  of  his  ''  admirable  speech  j"  but  they  were  outvoted  by  such  of  his 
friends  as  were  too  wise  to  risk  his  reputation,  and  that  of  the  society,  on 
such  a  strange  prodaction.  It  was  simply  determined,  therefore,  that  the 
President's  copy  of  the  speech  should  be  lodged  in  the  archives  of  the  Socie- 
ty.  On  the  succeeding  day  a  friend  of  mine  made  faithfully  and  carefully 
the  copy  which  I  now  possess.  A  few  days  afterwards  other  fellows  of  the 
Society  visited  the  rooms  in  order  to  take  copies  ',  but  the  document  was  re- 
moved, by  the  President  or  bis  friends,  and  has  never  since  been  seen. 
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To  enter  into  a  detail  of  the  Merits  of  this  vahiable  periormance 
&  explain  to  the  learned  Audience  whom  I  have  the  honor  of  ad^ 
dressing  the  Various  particulars  in  which  our  Author  has  excellM 
his  Cotemporaries,  is  a  task,  which  the  limited  Bounds  of  my  Tal^ 
ents  directed  as  they  have  always  been  to  the  attainment  of  a  di& 
ferent  kind  of  knowledge  will  not  enable  me  to  undertake  :  The 
extent  of  Science  is  iar  beyond  the  grasp  of  an  individual  he  who 
is  ambitious  to  enlarge  its  bounds  must  to  effect  his  purpose  take 
his  separate  department  and  Finaly  confine  himself  to  that  subject 
whatever  it  be  in  which  fortunate  application  has  enabled  him  to 
excel!    In  truth  I  feel  no  humiliation  when  I  declare  that  having 
dedicated  my  Youth  to  the  Pursuit  of  another  Science  the  Super- 
ficial knowledge  of  Mathematic's  I  have  hitherto  attaind  howsor 
ever  it  may  enable  me  to  distinguish  conspicuous  merit  will  not 
Empower  me  to  enter  into  an  explanatory  detail  of  a  work  intend 
ed  for  the  perusal  of  those  only  who  are  folly  initiated  in  the  deep- 
est Mysteries  of  Mathematical  knowledge  by  men  whose  acquire- 
ments have  gainM  them  reputation  in  that  Line  our  Author  is  held 
in  the  highest  esteem  6l  his  Works  are  by  learned  foreigners  nni- 
versaly  deem'd  equal  at  least  to  Those  of  his  most  admir'd  Cotem- 
poraries  in  all  parts  of  Europe  as  is  plainly  evinc'd  by  the  Contro- 
versy he  in  this  very  Paper  maintains  with  some  of  the  most 
respected  literary  Characters  in  Europe  for  the  Priority  of  Publi- 
cation of  more  than  one  of  the  Principal  discoveries  of  the  age  we 

live  in* 

I  consider  it  as  fortunate  for  the  Society  d&  feel  on  that  account 
no  inconsideraUe  pleasure  that  we  have  it  in  our  power  to  bear 
testimony  to  the  merits  of  such  an  Essay  so  deeply  learned  &  so 
ably  written  on  a  subject  in  which  the  Public  had  been  told  we 
were  deficient  delivered  in  to  us  at  a  time  when  an  unfortunate 
dispute  among  the  Members  had  robb'd  our  Meetings  of  the  assist- 
ance of  some  of  them  whose  literary  abilities  we  cease  not  to  re« 
spect  how  widely  soever  many  of  us  may  Differ  firom  them  in  our 
judgements  of  the  Matters  which  were  then  in  Dispute  among  us 
The  Nation  whose  eyes  are  ever  intent  on  the  Conduct  of  the 
Royal  Society  will  be  assur'd  by  this  very  Paper  that  even  at  the 
time  when  we  were  most  Divided  Mathematical  Knowledge  was  to 
be  Found  among  us  &,  that  the  Society  at  all  times  &  under  all 
Circumstances  are  ready  to  reward  it. 

From  the  Appearance  of  our  present  Meeting  I  will  venture  to 
Fcyretell  that  our  dissensions  are  at  an  end  that  the  Gentlemen 
.from  whom  I  have  had  the  misfortune  to  differ  in  opinion  will 
abide  by  the  decisions  of  the  Society  which  they  have  repeatedly 
taken,  agree  with  me  in  a  Determination  to  throw  a  veil  of  Ob- 
livion over  all  past  animosities  and  unite  once  more  in  sincere 
Efforts  towards  the  advancement  of  the  Society  the  honor  d& 
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repntation  of  which  we  have  all  equdy  pledg'd  oonlelT^ff  to 
support 

But  enough  of  dissention  a  word  never  more  I  sincerely  hope 
to  be  heard  within  these  Walls  dedicated  as  they  are  by  a  generous 
Monarch  to  the  service  of  Science  Peace  &»  harmony  should  ever 
be  found  within  them  for  under  the  influence  of  Peace  d&  harmony 
among  those  who  Profess  to  cultivate  it  Science  can  only  flourish. 

Let  us  unite  once  more  then  my  Friends  to  Fulfil  the  wise  pur- 
poses of  our  liberal  Patron  &  Benefactor  and  resume  at  the  same 
time  the  Prudent  Conduct  of  our  Predecessors  who  for  more  than 
a  Century  past  supported  the  honor  of  this  Society  unsullied  &> 
have  bequeathed  it  to  us  pure  as  they  received  it  they  never  FaiI'd 
to  sacrafice  such  resentment  as  arose  among  them  to  the  good  of 
the  general  Cause  in  which  they  felt  themselves  equaly  embark'd 
for  dtho'  some  individuals  among  them  have  heretofore  indulg'd 
their  Feelings  by  appealing  to  the  Public  when  they  imagin'd  the 
welfare  of  the  Body  at  large  was  in  danger  they  never  once  at- 
tempted to  convert  the  Meetings  instituted  for  the  advancement  of 
Knowledge  into  Assemblies  of  debate  &  Controversy. 

[The  President  hereupon  addressing  Dr  Shepherd,  said] 

Animated  with  the  pleasing  hope  of  returning  peace  let  me  now 
proceed  to  the  most  grateful  part  of  the  office  I  have  the  honor  lo 
hold  under  favor  of  your  indulgence  That  of  delivering  to  Merit 
the  mark  of  regard  which  the  Society  has  alotted  for  it's  reward-r- 
to  you  then  Dr  Shepherd  as  the  representative  of  Dr  Waring  I 
deliver  this  Medal  requesting  you  to  give  it  to  him  on  the  Earliest 
opportunity  in  your  power  when  you  present  him.  Sir  with  this 
token  of  the  approbation  of  his  Fellow  labourers  encourage  him  to 
persevere  in  unravelling  the  Clue  of  that  difficult  but  justly  ad- 
mir'd  Science  in  the  annals  of  which  he  already  holds  so  distin- 
guished a  place  Assure  him  that  the  Royal  Society  ever  anxious  to 
discover  &l  reward  merit  in  whatever  line  it  may  be  exerted  never 
more  fully  Feel  the  pleasing  Idea  of  fulfilling  well  the  purposes  of 
their  institution  than  when  they  seize  an  opportunity  to  reward 
those  who  labour  to  extend  the  limits  of  that  Science  which  ena- 
bled our  illustrious  Newton  to  penetrate  into  the  deeper  mysteries 
of  nature  and  explain  then\  to  his  fellow  creatures  in  terms  within 
the  reach  of  their  limited  Comprehensions. 

By  this  time  the  reader  will  probably  inquire  with  eagerness, 
Through  what  strange  train  of  circumstances  could  an  individual 
so  sadly  disqualified  be  elevated  to  '^  the  chair "  of  the  Royal 
Society  ?  This  train,  intricate  and  involved  as  it  has  usually  been 
deemed,  it  will  not  now  be  difficult  to  explore. 

Some  of  the  most  brilliant  discoveries  in  electricity,  were,  as 
every  one  knows,  made  by  the  celebrated  Dr  Franklin  ;  and, 
at  an  age  of  the  world  when  this  country  was  agitated  by  all  the 
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ttying  events  of  a  war  with  America,  Dr  Franklin  had  the  mis- 
fortune to  be  an  American.     Among  this  philosopher's  numerous 
happy  applications  of  his  electrical  discoveries,  was  that  of  eh^ 
voted  jwmUd  conductors  to  secure  buildings  from  injury  by 
lightning;    an  application  which  was  warmly  approved,   and 
eagerly  recommended  by  the  most  eminent  electricians  then  liv* 
ing.     in  luckless  hour,   however,  Mr  Benjamin  fVUson  (the 
father,  I  believe,  of  the  present  Sir  Robert  Wilson,  and  at  that 
time,  or  soon  after,  contractor  for  the  painting  under  the  Hon- 
ourable Board  of  Ordnance)  objected  to  the  use  of  pointed 
conductors,  recommending  instead  of  them  conductors  with  knchs 
at  their  superior  eztremeties.     '*  It  was  by  his  obstinacy  and  im- 
proper conduct  (says  Dr  Thomson*)  that  he  introduced  those 
unhappy  divisions  which  had  so  unfortunate  an  efiect  upon  the 
Roytd  Society^  and  were  so  disgraceful  to  science  and  philoso- 
phy."    Disgraceful,  indeed,  they  were,  both  on  account  of  the 
temper  with  which  they  were  conducted,  and  the  incessant  viola- 
tion of  the  principles  of  true  philosophy  which  occurred  in  the 
the  writings  of  Mr  Wilson  and  his  adherents.     Philosophers  in 
other  parts  of  Europe  wondered  what  strange  fatality  could  have 
fallen  upon  English  men  of  science,  that  diey  could  force  this 
into  a  topic  of  controversy ;  and  neither  then  nor  smce  have  they 
uttered  a  syllable  in  favour  of  blunt  conductors.f     The  truth, 
however,  is,  that' had  it  not  been  for  the  intermixture  of  political 
feeling  with  the  jMrinciples  of  the  discussion,  it  could  not  have 
been  kept  alive  for  a  single  month.    The  Ainerican  war  had 
been  the  occasion  of  scattering  the  seeds  of  political  animosity 
far  and  wide ;  and,  since  Franklin  was  a  politician  as  weU  as  a 
philosopher,  it  was  by  no  means  difficult  to  insinuate  that  they 
who  agreed  with  him  in  his  philosophical  speculations  agreed 
with  burn,  likewise,  in  his  political  creed.    Thus,  with  many,  the 
opinions  of  a  philosopher  as  to  the  blunts  and  the  points^  were 
regarded  as  the  index  of  his  opinions  as  to  the  American  war ; 
and  the  celebrated  dispute  among  the  "  little-^  and  the  ^  big-en- 
dians^^ recorded  by  Lemuel  Gulliver,  furnished  an  apt  repre- 
sentation of  the  folly  and  the  rancour  which  found  their  way  mto 
this  discussion. 

Ere  long,  the  Royal  Patron  of  the  Socie^,  whose  strong  feel- 
ing in  reference  to  the  American  war  is  well  known,  became  in- 
terested m  the  controversy,  and  oflen  gave  unequivocal  mdica- 
tions  of  the  manner  in  which  he  wished  to  se6  it  oecided.    This 
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soon  reduced  it  to  neither  more  nor  less  than  a  government  ques- 
tion. In  1773,  when  it  was  proposed  to  fix  conductors  to  the 
powder  magazme  belonging  to  the  Board  of  Ordnance  at  Pur* 
fleet,  that  DOBxd  applied  to  the  Royal  Society  for  their  opinion 
as  to  the  most  proper  kind  to  be  employed.  The  Society  replied 
by  quoting  their  own  annual  advertisement  from  the  year  1762 
downward,  "  That  it  is  an  established  rule  of  the  Society,  to 
which  they  wiU  always  adhere,  never  to  give  their  opiniark,  as  a 
body^  on  any  subject  either  of  nature  or  art,  that  comes  before 
them."  The  Society  were  then  requested  to  appoint  a  Com- 
mittee for  this  purpose.  After  much  discussion  this  was  agreed 
to,  and  a  Committee,  consisting  of  Mr  Cavendish,  Dr  Watson, 
Dr  Franklin,  Mr  Robertson,  and  Mr  Wilson,  was  appointed. 
After  examining  tlie  building,  the  four  gentlemen  first  named^ 
recommended  painted  conductors :  Mr  Wilson  dissented  from 
their  judgment,  and  assigned  liis  reasons  in  a  k>ng  paper.  Hi^ 
notions  were  refuted  by  Naime,  Henley,  Swift,  and  others.  Dr 
Musgrave,  on  the  other  hand,  defended  his  speculations. 

In  1777  the  Purfleet  mi^azine  received  damage  from  light* 
ning,  although  it  had  been  previously  furnished  with  conductors. 
The  Royal  Society,  again  requested  to  give  an  opinion,  ajqxnnted 
a  Committee  of  nine  of  the  most  distinguished  electricians :  their 
deliberate  judgment  was  again  in  favour  of  pointed  conductors, 
and  again  was  their  judgment  opposed  by  Mr  Wilson.  In  this 
stage  of  the  business  the  Royal  Patron  of  the  Society  directed 
Sir  John  Pringle  to  employ  h&  official  influence  in  strengthening 
Mr  Wilson's  hands.  Su:  John  replied,  that  '^  duty  as  well  as  in- 
clination  would  always  induce  him  to  execute  His  Majesty's 
wishes  to  the  utmost  of  his  power :  but,  Sire,  (said  he^  I  cannot 
reverse  the  laws  and  operations  of  nature  J*  '^  Then,  said  Hb 
Majesty,  ^^  perhaps^  Sir  John^  you  had  better  resign  T^*  Sir 
Jolm  took  the  Innt,  and  resigned  at  the  next  anniversary,  Sir 
Joseph  Banks  being  appomted  his  successor  the  same  evenmg. 
Whether  he  had  or  had  not  engaged  to  reverse  the  laws  of  nature, 
I  am  not  prepared  to  say. 

Sir  Joseph  was  no  sooner  seated  in  the  President's  chair  than 

*  Soon  after  this  occurrence  a  frfend  of  Franklin  wrote  an  epigram  which 
may  not  be  deemed  unworthy  of  preservation  here : 

While  youy  great  George,  for  knowledge  hunt, 
And  sharp  conductors  change  for  blunt, 

The  nation's  out  of  joint : 
Franklin  a  wiser  course  pursues, 
^       And  ail  vour  thunder  useless  views, 
By  keeping  to  the  point. 
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Jie  began  to  manifest  his  dislike  of  Americans  and  American 
philosophy,*  and  of  all  those  members  who  accidentally  testified 
their  esteem  of  his  learned  predecessor.  He  also  gave  the  most 
decisive  indications  of  his  philosophical  bigotry,  of  his  determi- 
nation  unduly  to  exalt  some  branches  of  mquiry,  and  as  unduly 
to  depreciate  others;  and  of  another  determination,  which  he 
had  not  sufficient  discretion  to  di^ise,  to  convert  a  fellowship 
or  brotherhood  of  philosophers,  into  a  manarekyy  or  rather  into 
a  despotism^  of  which  he  alone  was  to  be  the  focus  of  power  and 
authority.  Such  is  the  force  of  self-delusion,  when  a  coterie  of 
sycophantic  danglers  surround  an  individual  of  this  description, 
and  foster  his  love  of  domination,  that  it  would  seem  as  though 
Sir  Joseph  actually  fancied  himself  a  kind  of  monarch,  and  form- 
ed his  poraseobgy  and  expected  to  be  approached  accordingly.. 
It  was  no  longer  the  Council  of  the  Royal  Society,  or  the  Secre- 
taries of  that  learned  body,  but  "  My  Coundi,^^  "  My  Secret 
taries,^*  «  My  Jhsessorsy''  «  My  Society,''  &c.  He  held  his  court 
in  Soho  Square  ;  and  none  but  those  who  were  introduced  into 
the  regal  apartments  there  in  due  form,  and  danced  attendance 
with  due  frequency,  could  obtain  admission  into  the  Royal  Socie*- 
ty,  €X  continue  to  attend  its  meetings  with  comfort,  if  they  had 
been  elected  fellows  in  better  days. 

That  men  of  real  genius  and  science  should  be  disgusted  with 
all  this,  was  naturally  to  be  expected  ;  as  well  as  that  men  of  in- 
dependence should  make  some  edbrts  to  deliver  themselves  from 
so  disgraceful  a  thraldom.  Hence  originated  the  new  class  of 
dissensions  which  agitated  the  Royal  Society  between  the  years 
1781  and  1785,  and  to  which  the  eulogists  of  Sir  Joseph  Banks 
have  now  so  unwisely  recalled  the  public  attention.  Of  these 
dissensions  it  is  the  more  necessary  a  correct  account  should  here 
be  exhibited  ;  because  some  of  Sir  Joseph's  partisans,  as  though 
the  lapse  of  six-and-thiny  years  had  not  been  sufficient  to  cool 
their  resentment,  make  them  the  basis  of  recent  and  renewed 
calumnies.f 

*  This  anti- American  spirit  is  scarcely  yet  extinguished.  Seven  years  ago 
there  were  not  more  than  three  American  feUows  of  the  Royd  Society ;  and 
•veo  at  the  present  moment  there  are  not  »x. 

t  A  biographer  of  Sir  Joseph  Banks  in  the  J^ew  Times  of  Jaly  14,  ISSO, 
whose  ignorance  of  science  and  of  facts  is  so  obvious,  that  it  would  be  a 
waste  of  time  to  render  it  more  prominent,  terminates  his  misrepresentation 
of  these  matters  thus: 

«  AU  intellectual  propensities  have  their  meriit  [those  of  lying,  slanderiag, 
and  thieving  for  example],  and  the  use  of  practical  mathematics  is  important 
and  extensive.  We  honour  the  great  inventors — the  world  is  debtor  to 
Nkwton.    But  of  a  thousand  mathematicians,  not  the  human  cube  root  has 
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"  The  bitter  spirit,"  (as  the  writer  in  the  New  Times  caBs  it) 
did  not  ^'  break  out  on  the  dismissal  of  Dr  Hutton  from  one  of 
the  secretaryships,"  but  much  earlier.  Some  of  the  causes  which 
fomented  it  will  appear  by  a  few  quotations  fnxn  a  pamphlet  en- 
titled "  An  History  of  the  Instances  of  Exclusion  from  the  Royal 
Society,"  published  early  in  1784. 

^'  The  charge  we  bring  against  Sir  Joseph  Banks  is,  that, 
though  not  entrusted  with  any  such  power,  either  by  statute  or 
custom,  and  very  unfit,  from  his  acknowledged  violence  of  tem- 
per, and  from  his  incapacity  to  judge  of  literary  qualifications,  in 
which  he  is  himself  shamefully  deficient,  to  be  entrusted  with  it, 
he  has  repeatedly  interposed  in  a  clandestine  manner,  to  procure 
rejections  of  proper  candidates,  with  the  visible  design  oi  taking 
away  the  privilege  of  the  body  at  large,  and  making  himself  the 
sole  master  of  the  admissions, — ^in  other  words,  tlie  monarch  of 
the  Society." 

In  proof  of  this  charge,  we  are  told  that  during  the  twelve 
weeks  which,  according  to  the  statutes,  the  certificate  recom- 

ever  been,  or  will  be,  more  than  the  depositonr  of  the  diisty  problems,  that 
the  bookmakers  of  the  art,  the  Simpsons,  and  Huttons,  and  Bovktcabtus, 
have  transmitted  to  them.  This  pride  *  that  pofTeth  up,'  has  had  more  fatal 
powers  of  perversion,  and  religion  has  no  where  found  more  inveterate  pre- 
judice or  more  morbid  repulsion  than  amonf  those  men,  rendered  incapable 
of  discerning  truth,  unless  it  came  in  the  whole  dignity  of  an  aleebraic  for* 
mula.  The  bitter  spirit  broke  out  in  the  Royal  Society  on  the  dismissal  of 
Dr  Hutton  from  one  of  the  secretaryships.  How  Dr  Hutton,  whose  life, 
till  he  was  mature,  was  spent  in  keeping  a  village  school  in  Westmoreland, 
[videlictty  the  village  of  Newcastle  upon  Tyne,]  could  have  sustained  the 
office  without  numberless  offences  against  the  habits  of  good  society,  it  is 
difficult  to  conjecture ;  and  his  merits  as  a  mathematician  were  common- 
place. 

'  Lands  he  could  measure,  terms  and  tides  presage ; 
And  even  the  saying  ran,  that  he  could  gauge.' 

<*  Sir  Joseph  Banks,  in  point  of  general  accomplishment,  public  atility, 
and  rational  and  enlarged  employment  of  his  understanding,  was  worth  the 
whole  host,  of  which  no  single  name  did  honour  even  to  their  own  narrow 
pursuit.  Horslet,  afterwards  a  bishop,  was  the  principal  among  the  distarb- 
ers.  His  Commentary  on  the  Prtnapia,  the  most  meagre  and  inefficient 
that  ever  came  from  the  press,  is  this  man's  tribute  to  science.  But  he  was 
virulent,  insolent,  and  intriguing.  The  Bench  restrained  him,  and  he  grad- 
ually cooled,  but  tn  the  hostility  against  Sir  Joseph  Banks  he  gave  full  way 
to  the  bitterness  of  his  nature.  The  President's  conduct  was  put  to  the  vote, 
and  on  the  8th  of  January,  1784,  the  Resolution  '  that  this  Society  do  ap- 
prove of  Sir  Joseph  Banks  for  their  President,  and  will  support  him,'  was 
carried  by  a  great  majority.  Measures  of  conciliation  were  now  adopted. 
A  vote  was  passed,  that  Dr  Hutton  had  done  nothing  to  forfeit  the  confi- 
dence of  the  Society  :  and,  on  the  other  hand,  that  it  would  be  more  con- 
venient to  have  bis  office  executed  by  a  resident  in  London.  Since  that 
period  opposition  has  slept.  The  Presidency  has  been  in  honour  and 
activity." 
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mending  a  candidate,  hung  up  in  the  Society's  room,  it  was  the 
habit  of  Sir  Joseph  to  prejudice  the  minds  of  those  who  attend** 
ed  the  Soho  Square  levees^  by  making  known  his  resolution  ia 
phraseology  not  very  courtly,  but  suited  to  the  purpose  and  varied 
to  accord  with  die  occasion.  ^' We  want  no  mathematicians J*^ 
"  No  more  worshippers  of  old  Cardan  for  me."  **  I  '11  have  no 
schoolmasters.^^  "  Let  us  have  no  country  surgeons.^^  "  He  ! 
why  he  is  an  author !  Who  could  think  of  proposing  him  ?  We 
want  no  authors  /'  and  so  cfb.  If  these,  and  similar  remarks, 
scattered  with  great  activi^  during  the  twelve  weeks'  probation, 
seemed  likely  to  fail  in  their  effect,  then'^'  the  President  would 
run  about  the  room  on  a  night  of  election,  out  of  breath  with 
anger  and  impatience,  seducing  the  ignorant,  awing  the  timid, 
and  deceiving  the  wise  ;  cajoling  as  many  as  possible  to  put  in 
black-balls :  and  often  '^  inducmg  the  candidate,  or  his  friends 
from  an  apprehension  of  rejection,  to  avoid  the  mortification  by 
taking  down  the  certificate." 

Among  the  candidates  rejected  principally  by  black-balling,  in 
the  years  1781,  1782,  and  1783,  were,  Mr  Henry  Clarke,  of 
Manchester;  Mr  Meyrick  (who  was  black-balled  by  the  Presi- 
dent asking  more  than  one  hundred  persons  in  the  room  to  vote 
against  him,  an  ascertained  fact) ;  Dr  Bates,  a  physician  at 
Buckingham  ;  Dr  Hallifax ;  Dr  Enfield  (here  the  cry  was,  "  111 
have  no  Dissenters*^)  ;  Dr  Beerenbrock  and  Dr  Blane,  two  emi- 
nent physicians ;  and  Major  Desbarres,  the  friend  and  maritime 
tutor  oi  Captain  Cook.  Shortly  after  tlie  black-balling  of  this 
latter  named  gendeman,  the  following  paragraph  appeared  in  the 
public  papers : 

"  Yesterday  Major  Desbarres  kissed  His  Majestjr's  hand  on 
being  appointed  Governor  of  Nova  Scotia.  This  reward,  we 
hear,  has  been  conferred  on  this  able  and  spirited  officer,  for 
great  national  services,  in  recompense  of  much  time  and  much 
money,  for  having  saved,  by  his  philosophical  labours,  many  of 
the  king's  ships,  and  the  lives  of  many  oi  our  fellow  subjects." 

The  preceding  list  of  exclusions  serves  to  prove,  that  in  the 
early  portions  ofSir  Joseph's  reign,  his  antipathy  was  not  merely 
to  mathematicians. 


(To  be  continued.) 
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Art.  XXXIIL-— 1«  Prof*  Schumacker^s  Astratwmische  Abhand" 

lungen.    Altona.    1823.    A  Memoir  on  Refractive  and  Dis' 

persvve  Powers*     By  M.  Frauenhofcr. 
2.  Transactions  of  the  Royal  Socie^^  Edinburgh^  Vol.  IX •    On 

a  Monochromatic  Lamv,  8ic.    By  Dr  Brewster.     On  the 

Absorption  of  Light  by  coloured  Media.      By  J.   F*  W* 

Hersghell,  Esq. 
3*  Some  Account  of  the  late  M.  Guinandj  and  his  ImpraoenunU 

in  the  Manufacture  of  Glais.    8vo.    Lond.    1825.   [British 

Critic] 

M.  Frauenhofer  has  been  long  known  on  the  continent  as 
a  very  distinguished  practical  optician.  He  has  succeeded 
beyond  any  artist  in  tnis  country,  in  producing  flint  glass  for 
optical  purposes  of  the  most  complete  transparency  and  free- 
dom from  flaws  and  defects.  This  superiority  in  his  glass 
has  enabled  him  to  prosecute  some  very  important  research- 
es, an  account  of  which  is  contained  in  the  memoir  named  at 
the  head  of  this  article,  as  inserted  in  French,  in  the  well 
known  journal  of  Prof.  Schum^cker. 

His  primary  object  was  to  determine  with  great  exactness, 
for  the  formation  of  achromatic  object  glasses,  the  dispersive 
powers  of  different  species  of  glass.  He  first  tried  the  effect 
of  correcting  the  colour  by  opposing  prisms,  viewed  through 
a  telescope,  which  is  in  fact  the  same  method  as  that  origin- 
ally proposed  by  Dr  Brewster.  But  it  became  an  object  of 
attention  to  examine  the  dispersion  of  each  coloured  ray 
separately.  To  do  this  is  a  problem  which  has  always  been 
attended  with  the  essential  difficulty  of  not  being  able  to  fijt 
upon  rays  in  the  spectrum  which  are  strictly  homogeneous, 
and  which  can  at  all  times  be  identified  with  certainty.  In 
order  to  get  over  this  difficulty,  M.  Frauenhofer  tried,  without 
success,  different  coloured  media  and  flames;  to  trials  of  this 
kind  we  shall  have  occasion  to  allude  in  the  sequel,  as  leading 
to  some  important  discoveries.  Our  artist,  however,  next  adopt- 
ed a  plan  which  he  considered  successful ;  this  was  to  place 
six  lamps  in  a  row  behind  a  small  aperture,  close  before 
which  was  a  prism.  The  separate  spectra  of  each  lamp  were 
thus  thrown,  so  that  the  prism  under  trial,  which  was  placed 
at  nearly  seven  hundred  feet  distance,  received  only  tne  red 
rays  (for  example)  from  one  lamp,  and  the  blue  from  another, 
&c.,  by  which  means  the  colours  appeared  in  the  form  of 
distinct  spaces,  separated  entirely  from  each  other.    We  can- 
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not  behp  feelbg  86me  dUlcuhy  as  to  the  application  of  this 
method,  but  perhaps  the  description  itself  is  not  the  clearest 
that  might  be  given.  We  do  not  feel  sure  that  the  rays  were 
strictly  homogeneous;  however,  they  were  capable  of  exact 
indentification  from  this  further  contrivance ;  a  narrow  aper- 
ture was  made  in  the  screen  above  the  six  lamps,  through 
which  the  light  of  another  lamp  passed,  and  was  received  on 
the  second  prism  ;  in  viewing  this,  a  bright  line  was  seen  at 
the  limits  ot  the  red  and  yeltow  spaces ;  this  was  exactly  *de- 
ftied,  and  by  means  of  its  invariable  position,  in  comparison 
with  the  coloured  spaces  below,  the  observer  could  always 
be  assured  that  the  same  identical  ray  fell  on  his  prism.  A 
number  of  measurements  were  thus  made  with  great  exact- 
ness, from  which  the  ^eat  differences  in  the  ratios  of  refrac- 
tion for  the  same  ray  m  different  me'dia^  are  clearly  ascer- 
tained. 

But  the  most  important  point  was  the  appearance  of  the 
bright  line  above  mentioned.  This  M,  Frauenhofer  next  pro- 
ceeded to  study ;  he  found  it  exhibited  alike  by  the  light 
from  all  flames,  &c.,  when  received  throueh  a  narrow  aper- 
ture. He  next  tried  the  light  of  the  sun ;  this  was  received 
into  a  dark  rooba  through  a  narrow  crevice,  at  the  distance  of 
twenty-four  feet,  by  a  prism  of  excellent  flint  glass ;  in  look- 
ing at  the  spectrum  thus  formed  through  a  smaU  telescope,  he 
observed  not  only  the  brieht  line  before  spoken  of,  but  an 
infinity  of  lines,  some  dark  and  some  brisnt,  crossing  every 
part  of  the  spectrum  at  right  andes  to  tne  direction  of  its 
elongation,  and  not  forming  the  boundaries  of  the  different 
coloured  spaces,  but  existing  in  the  middle  of  them,  and  in 
fact,  distributed  in  some  places  more  plentifully  than  in  others 
alons  the  whole  length,  in  some  parts  more  conspicuous,  and 
in  otners  more  faint.  Of  all  these  lines  the  observer  has  giv- 
en an  accurate  delineation  ;  he  counted  upon  the  whole  574 
of  them.  If  the  aperture  be  so  wide  as  to  subtend  an  angle  of 
more  than  15''  to  the  eye,  the  lines  disappear.  Some  of  the 
fainter  ones  also  are  not  seen,  unless  the  eye  be  shaded  from 
the  glare  of  the  brighter  parts.  With  English  flint  dass,  M. 
Frauenhofer  could  only  see  the  brightest  lines;  but  with 
every  sort  of  ^lass  4|f  his  own  manufacture,  and  with  prisms 
formed  of  liquids,  they  were  all  distinctly  seen.  He  then 
proceeded  bv  an  extended  series  of  measurements,  with  a  re- 
peating circle,  to  determine  the  angl^  of  deviation  which 
these  lines  formed  when  viewed  through  different  media. 
These  lines  in  fact  supply  the  great  desideratum  in  research- 

Bait.  Jour.  Jfyril  ^  4%,  1926.  41 


1 

es  of  tliia  nature,  and  tabled  bteto  detiMnine  lilt  4tYMUflM 
belonging  to  points  in  the  ^cHrum  strictly  definite,  with  any 
degree  of  accuracy. 

¥Vom  observing  the  great  number  of  lines  croAsing  tke 
spectrum,  we  might  be  led  to  sitppose  that  the  inflection  of 
light  at  the  edges  of  the  aperture  had  some  connexion  with 
the  phenomenon ;  in  order  to  examine  this  point,  M.  Frauen- 
hofer  varied  the  experiment  in  the  foUowi%  manner :  He 
i^ceived  the  rajs  through  a  small  circular  hole  nearly  lo"  it 
diameter;  the  spectrum  thus  formed  bad  ahnost  no  breadth, 
but  in  order  to  widen  it,  !!•  Fr auenhctfer  made  the  rays  pass 
through  a  semi-cylinder  of  glass*  By  this  means  the  bng^ 
and  order  of  colours  remained,  unaltered,  but  the  breadth 
being  magnified,  he  saw  as  before  all  the  lines*  By  means 
of  the  same  contrivpince  be  detiected  similar  lines  in  the  light 
of  the  planet  Venus,  without  employing  any  aperture ;  the 
brightest  lines  only  were  visible,  but  they  coincided  in  po- 
sition with  the  corresponding  ones  in  the  solar  spectrum. 
The  light  of  some  of  the  principal  fixed  stars  was  subjected  to 
the  same  examination  \  in  some  of  these^  lines  were  observed 
in  positions  different  from  those  before  observed.  The  elec- 
tric light  was  tried  in  the  same  way ;  the  points  of  two  con- 
ductors were  connected  by  a  fine  fibre  of  glass,  along  which 
the  succession  of  sparks  was  so  rapid  as  to  produce  the 
appearance  of  a  fine  line  of  light.  In  the  spectrum  formed 
by  this  light,  (without  passing  any  aperture,)  lines  difierent 
from  any  of  the  former  were  observed*  The  light  of  severed 
was  similarly  examined,  and  several  curious  results  obtained 

Such  is  a  brief  outline  of  the  most  important  parts  of  M. 
Frauenhofer's  experiments ;  they  indicate  a  very  remarkable 

Eroperty  of  light,  and  present  appearances  which  we  believe 
ave  not  yet  been  accounted  for  on  any  known  principles* 
We  must  here  take  occasion  to  remind  our  readers,  that  the 
discovery  of  the  fact  itself,  (though  evidently  unknown  to  M* 
Frauenhofer,)  was  made  some  years  ago  by  Dr  Wollaston. 
His  experiment  was,  however,  somewhat  different ;  and  owing 
to  the  great  superioritjr  of  his  glass,  M.  Frauenhofer  has^  the 
merit  of  having  ascertained  the  almost  infinite  number  of  those 
lines,  which  in  Dr  WoUaston^s  experinoipnts  appeared  only  a 
few. 

M*  Frauenhofer  must  also  have  the  credit  of  bemg  the  first 
to  apply  these  lines  to  the  purpose  of  accurate  determination 
of  tae  dispersive  power,  although  Dr  Wollaston  made  a  few 
observations  of  this  kind.    It  may  be  satisifactory  to  many  of 
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wit  tt^Atm  if  we  here  mci&tieiiy  tliftt  with  ftn  ordinarj  prism 
ef  English  glass,  the  principal  lines  maj  be  very  well  seen  by 
looking  through  the  prism  at  a  narrow  aperture  in  a  shutter, 
er  screen  i^ced  against  a  window  so  as  to  receive  the  light 
of  the  clouds :  this  was  Dr  WoUaston's  method :  his  experi- 
Bents  aredven  ia  tbe^^Ptul.  Trans.^^  1803;  he  examined 
also  the  light  from  flame.     If  any  of  our  readers  are  inclined 
lo  try  the  expjerioieht,  we'  recommend  particularly  to  them  to 
look  at  the  blue  part  of  a  candle  flame  through  a  narrow  slit; 
the  separation  of  the  colours  is  very  wide  and  complete. 
-   The  mere  mspectioD  of  the  prismatic  colours  is  sufiicient  to 
show  that  the  difierent  parts  of  the  spectrum,  independently 
ef  their  colour,  possess  very  different  degrees  of  brightness  or 
iUaoiinating  intensity.    The  late  Sir  W.  Herschell  was,  we 
helieve,  the  first  who  attempted  any  accurate  determination 
of  these  relative  intensities ;  he  found  the  greatest  illumination 
in  the  yellowish  green  space,  and  a  gradual  decrease  from 
thence  towards  each  extremity.     M.  Frauenhofer  tried  simi* 
kr  experiments  by  a  difierent  method,  and  his  determinations 
were  made  with  greater  attention  to  exactness  than  perhaps 
any  former ;  but  there  appear  to  us  two  essential  difficulties 
in  nis  method.     In  the  first  f^ce,  the  intensity  of  each  col* 
oared  ray  was  to  be  equalised  wkh  the  white  or  yellowish 
l%ht  reflected  by  a  plane  mirror  from  a  lamp;  M.  Frauenhof- 
er considers  it  easy,  with  a  little  practice,  for  the  eye  to  judge 
of  this  equalisation  with  the  requisite  accuracy.    This,  we 
must  confess,  appears  to  us  very  doubtful ;  though  the  sensa* 
lion  of  colour  ana  of  intensity  may  jnssibly  depend  on  modi* 
ficattons  of  the  same  cause,  vet  the  two  sensations  follow  such 
very  difierent  laws,  and  that  difierence  is  dependent  upon 
principles  so  wholly  unknown  to  us,  that  we  can  hardly  con* 
ceive  the  possibility  of  abstracting  so  entirely  from  the  idea  of 
colour  that  of  intensity,  as  to  enable  the  mind  to  decide  in 
any  thing  like  a  certain  and  satisfactory  manner,  upon  the 
equality  of  illuminating  effect  in  lights  of  two  difierent  colours 
simultaneously  presented  to  the  eye. 

Another  and  more  serious  diflScuky  appears  to  us  to  arise 
from  the  foUoivIng  considerations  :  supposioff  the  illuminating 
intensities  to  be  really  eqtial^  it  is  well  established,  that  if  two 
rays  of  light,  one  of  a  colour  approachinff  more  to  whiteness 
than  the  other,  be  presented  in  juxta-position  to  the  eye,  the 
deeper  colour  of  tne  one  will  he  diluted  by  the  proximity  of 
the  lighter  colour  of  the  other ;  that  is  to  say,  though  not  ac- 
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toaUy  combined  or  blended  together,  the  sensation  which  the 
one  produces  in  the  eye  tends  to  diminish  that  which  arises 
from  the  other.  If  thip,  as  is  highly  probable,  is  owing  to 
the  different  convergency  required  for  the  two,  it  will  obvi^ 
ously  take  place  in  a  greater  degree,  in  proportion  as  the  col- 
oured ray  differs  in  refrangibility  from  the  white.  (See  JSdin. 
Phil.  Joum*  No,  1 9,  p.  33* 

Whatever  weight  may  be  attributed  to  the  objections 
against  this  particular  method,  it  is  certain  that  the  illuminat- 
ing int£i>sity  sustains  a  regular  decrease  from  the  central  yel- 
lowish green  to  the  violet  on  one  side,  and  the  red  on  the  oth- 
er. The.  series  of  numbers  given  by  M*  Frauenhofer  decrease 
in  a  more  rapid  ratb  than  those  found  by  any  other  observ- 
ers, and  the  tendency  of  the  causes  just  considered  as  influ- 
encing his  results,  would  be  precisely  that  of  producing  this 
rapid  diminution.  But  the  decrease  of  illuminating  power 
towardii  the  red  boundary,  will  become  a  point  of  considera- 
ble interiest  in  the  sequel. 

M.  Frauenhofer's  observations  on  the  illuminating  powers 
of  the  prismatic  rays,  led  him  to  several  su^estions  of  prac- 
tical importance  i|i  the  construction  of  telescopes*  He  attends 
particu(ilarly  to  the  distinction  between  diminishing  the  aben* 
ration  ioS  colour,  and  producing  greater  distinctness  in  the 
image;  as  also  tothe  aberration  from  the  want  of  achromat- 
ism in  the  Jbumao  eye*  When  different  specimens  of  glass 
were  exaipined  by  the  accurate  test  of  the  spectral  lines,  the 
difference, Ml  their  dispersive  powers  was  shown,  when  not 
oth^wi^  <^apable:<kf  detection.  M.  Frauenhofer  found  dif- 
fpr^oe^of  this,  kind  in  specimens  taken  not  only  from  the 
same  .crucible,  but  fi^om  the  opposite  parts  of  the  same  piece 
of  glas4«^  *  By  unweaified.  diligence  and  laborious  trials,  he 
has,  bowevpr^  ^t  lUngth  succeeded  in  the  manufacture  of  flint 
class,  to  sv^fai  a  de^^ee,  that  in  a  crucible  containing  four 
hundred  poui¥Jl9y  tw^  pieces,  one  taken  from  the  bottom  and 
the  .other  from  the  top  of  the  same  mass,  exhibited  absolutely 
the  same  powext  , 

This  becomes  the  place  f^r  noticing  the  results  obtained 
by  a  fellow-labourer  in .  the  same  work,  M.  Guinand.  The 
small  publication,  we  have  named  -  relative  to  this  individual, 
is  one  which  we  have  perused  with  considerable  interest,  as 
exhibiting  a  remarkable  instance  of  the  power  of  intuitive 
mechanical  skill,  in  surmounting  all  the  obstacles  which  cir- 
cuoislances  and  situation  conspired  to  place  in  the  way  of  its 
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dlevelopement.  M.  Guinand  was  the  son  of  a  joiner  at  Neuf- 
cbatel ;  as  a  youth  he  worked  at  that  trade ;  subsequently 
made  watch  cases ;  and  thus  acquiring  some  idea  of  casting 
metals,  undertook,  on  examining  a  reflecting  telescope,  to 
make  one ;  in  which  he  soon  succeeded,  without  any  know« 
ledge  of  optics,  -and  left  entirely  to  his  own  resources  for 
every  part  of  the  work.  His  next  attempt  was  to  make  a 
pair  of  spectacles.  He  learned  the  art  of  grinding  and  pol- 
ishing the  lenses  by  having  once  witnessed  the  process.  He 
hence  proceeded  to  make  lenses  of  telescopes,  and  construct* 
ed  several  small  refracting  ones.  He  now  accidentally  be- 
came acquainted  with  the  principle  of  the  achromatic  object 
glass  ;  and  all  his  energies  and  labours  seemed  concentrated 
upon  the  means  of  endeavouring^ to  procure  glass  free  from 
imperfections  for  this  purpose.  This  is  in  fact  one  of  the 
most  difficult  problems  with  which  the  practical  optician  is 
concerned :  and  the  patience,  the  sagacity,  the  perseverance, 
which  M.  Guinand  displayed,  in  a  long  series  of  attempts  un- 
der the  most  discouraging  circumstances,  to  obtain  his  object, 
were  truly  surprising.  At  every  failure  he  seemed  to  be  oc* 
cupied  solely  in  studying  the  cause  which  had  occasioned  it. 
And  thus,  step  by  step,  he  contrived  to  approach  at  length 
towards  the  wished  for  object,  and  produced  glass' more  free 
from  strias  and  imperfections  than  any  before  made.  Every 
disappointment  taught  him  some  further  improvement,  and  it 
was  thus  that  he  acquired,  what  is  perhaps  the  distinguishing 
characteristic  of  his  method,  the  mode  of  joining  together  in« 
to  one  lar^e  disk  separate  pieces  of  gbss,  selected  as  the  most 
perfectly  nomogeneous.  These  he  contrived  to  soften  and 
unite  together  aeain,  after  which  they  were  formed  into  the 
required  lens,  wiOiout  any  perceptible  joining,  or  imperfection  i 
in  this  way  he  has  formed  lenses  of  twelve  or  eighteen  inches 
diameter.  In  1 805,  his  fame  had'  reached  M.  Trauenbofer, 
who  invited  him  to  Bavaria,  to  give  his  important  services  to 
the  establishment  of  Benedictbauern,  where  glass  for  optical 
purposes  is  largely  manufactured  under  M.  Frauenhofer's  di- 
rection. The  glass  made  by  M.  Guinand  has  since  become 
known  over  Europe ;  specimens  have  been  tried  by  the  op- 
ticians and  astronomers  of  France  and  our  own  country.  The 
report  of  that  eminent  artist,  M •  Tulley^  as  to  its  great  superi- 
ority to  any  made  in  this  country,  is  couched  in  the  strongest 
terms;  and  there  can  be  little  doubt  that  owing  to  the  yery 
perfect  transparency  which  it  possesses,  we  may  expect  a 
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great  increase  in  tbe  power  of  refracting  telescopes,  hitlierto 
so  much  limited  in  their  degree  of  improvement.  M*  Gninaad 
returned  to  bis  native  place,  and  continued  tbe  construction 
of  telescopes  with  uncommon  ingenuity  and  success,  himself 
not  oaljr  having  melted,  formed,  and  polished  the  glasses,  and 
calctriated  the  adjustments,  but  als6  constructed  every  part  of 
Che  apparatus,  and  put  it  together.  This  remarkable  example 
of  imtaught  genius  died  in  1833,  aged  seventy-six.  His  se> 
cret  is  confined  to  his  son,  who  undertake  to  continue  the 
manufacture  so  important  ta  the  scientific  world,  upon  the 
same  prineiples  as  his  father* 

We  before  mentioned  that  M.  Frauenhofer^s  first  attempts 
were  directed  to  obtaining  homogeneous  light  by  means  of 
flames  and  coloured  mema;  in  this  he  was  unsuccessfuL 
Dr  Brewster,  bowev-er,  and  Mr  Herschel  have  been  more 
fortunate.  In  the  memoirs  above  named  by  these  two  distinr 
guished  individuals,  a  great  number  of  experiments  are  details 
ed,  having  in  many  instances  a  similar  ooject  in  view. 

Dr  Brewster  was  in  wane  of  homogeneous  light,  to  illumi* 
nate  objects  under  microscopic  examination.  Mr  Herschel 
wished  to  obtain  it  for  the  prosecution  of  certain  optical  re- 
searches*  Dr  Brewster,  after  numerous  trials,  ascertained 
ihe  resaarkable  fact,  that  almost  all  bodies  in  which  the  com- 
bustion is  imperfect,  such  as  paper,  linen,  4^c.  gave  a  light  ia 
which  strictly  homogenous  yellow  rays  predominated  $  that 
the  yellow  light  increased  with  the  ftumtdt/y  of  these  bodies ; 
and  that  a  great  proportion  of  the  same  light  was  generated 
when  various  flames  were  urged  mechanically  wim  a  blow* 
pipe,  or  a  pair  of  bellows.  He  thence  concludes,  that  the 
yellow  rays  are  the  produce  of  an  imperfect  combustion* 
However,  the  most  important  circumstance  was  that  the  pres* 
ence  of  aqueous  vapour  increased  the  quantity  of  yellow  light; 
ihis  was  a  new  fact,  and  supplied  Dr  Brewster  with  a  lanqp 
whose  light  was  truly  homogeneous.  Diluted  alcohol  is  the 
pabulum  he  employs,  and  he  has  suggested  a  convenient  form 
for  a  lamp  for  tne  pu]*pose  wanted. 

Various  media,  such  as  coloured  glasses,  were  also  tried. 
Dr  Brewster  investigated  the  effect  of  heat  in  changing  the 
tints  of  these  glasses ;  in  some,  the  power  of  absorbing  par* 
ttcular  colours  is  altered  transiently,  in  others  permanently. 
He  tried  the  effect  of  different  media  in  absorbin|^  the  diffid- 
ent rays  of  the  spectrum,  and  has  given  delineations  of  the 
spectrum,  as  seen  through  different  coloured  glasses* 


r 


Ofiietl  E^namOM^  und  the  Improwmmt  ofUlMa$:    3^7 

In  Mr  Henbel^  ^xpertnieiits  the  object  was  nearly  the 
same  in  the  first  instance,  but  he  has  pursued  it  in  a  somewhaC 
different  manner  from  Dr  Brewster,  and  has  arrived  at  some 
other  results  of  considerable  consequence* 

He  first  examined,  as  also  Dr  Brewster  did,  the  effects  of 
certain  coloured  glasses  in  almost  obliterating  certain  colour* 
ed  spaces  in  the  spectrum,  whilst  others  were  transmitted  n 
all  tneir  brilliancy.  This  fact  was  noticed  by  Dr  Young. 
Sir  Herschel,  in  applying  to  the  examination  of  it  theun* 
common  powers  of  his  analytical  skill,  has  resolved  the  phe- 
nomena into  their  most  general  •  expression,  and  thus  traced 
the  causes  of  many  interesting  consequences  which  otherwise 
would  not  have  been  deduced. 

For  example,  one  of  the  glasses  he  tried  was  of  a  raby  red 
colour;  this  permitted  to  pass  almost  the  whole  red,  and  a 
considerable  portion  of  the  orange ;  and  even  in  strong  lights 
a  portion  of  yellow  or  a  trace  of  green,  but  the  rest  were  oIh 
literated*  He  represents  the  effect  by  conceivinff'a  straight 
line  divided  according  to  the  proportions  of  the  ccdonred  spa* 
ces,  to  be  taken  as  the  abscissa,  and  at  each  point  ordinates 
erected,  representing  the  proportion  of  rays  transmitted  by 
any  medium ;  the  extremities  of  these  ordinates  give  a  curve, 
which  he  calls  iht  type  of  this  medium.  The  nature  of  this 
curve  is  determined  by  observation  for  each  medium ;  but 
Bfr  Hershell  has  given  an  analytical  expression,  showing  the 
law  by  ^hich  the  nature  of  the  curve  is  altered,  according 
to  an  mcrease  of  thickness  in  the  medium;  this  is  in  (act  one 
of  the  most  curious  parts  of  the  subject. 

^^  It  would  appear  at  first  sight,''  Mr  Herschel  observes, 
*^  that  the  effect  of  doubling  or  tripling  the  thickness  of  any 
coloured  medium,  would  simply  be  to  increase  the  depth  and 
intensity  of  the  tint,  but  not  to  alter  its  character.  If  a  white 
object  appear  blue  through  a  blue  glass,  we  should  expect  it  to 
appear  still  bluer  through  two,  and  yet  more  so  throagh  three 
such  glasses.  The  above  formula  shows,  however,  that  this  is 
so  far  from  being  the  case,  that  the  tint  of  the  emergent  pen- 
cil is  essentially  dependent  on  the  thickness  of  the  medium ; 
and  that  it  is  only  from  a  knowledge  of  the  relative  vahies  of 
the  ratios  of  the  intensity  after  traversing  a  thickness  equal  to 
unity,  for  the  various  parts  of  the  spectrum,  that  we  can  say 
diptwri^  whether  the  tmt  of  a  thick  glass  will  retain  any  simir 
larity  to  that  of  a  thin  one  of  the  same  kind."    (p.  44'7.) 
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The  fact  is,  the  quantity  of  anj  coloured  ray,  transmitted 
by  an  homogeneous  medium,  decreases  in  geometrical  pro* 
gression,  as  the  thickness  increases  in  ari3Muttcal*  Thus 
however  trifling  the  difference  may  be  at  first  in  the  effect  of 
two  media,  it  is  always  possible  to  render  it  sensible  by  tak- 
ing a  sufficiently  great  thickness ;  thus  the  water  of  the  lake 
of  Geneva  is  indigo-blue,  that  of  the  lake  of  Como,  emerald- 
green,  when  viewed  through  a  considerable  thickness,  though 
colourless  in  small  quantities.  Of  this,  numerous  other  in- 
stances will  occur ;  such  as  the  difference  in  the  colour  of 
the  sea  according  to  its  depth,  so  well  known  to  pilots,  as  often 
enabling  them  to  perceive  their  approach  to  shoals,  &c. 

^^In  some  instances  the  curve  has  two  unequal  maxima  in 
different-parts  of  the  spectrum ;  and  if  at  the  same  time  the 

Sweater  of  these  should  happen  to  correspond  to  a  ray  of 
eebler  illuminating  power  than  the  less,  the  tint^  in  small 
thicknesses  of  the  medium,  will,  generally  speaking,  be  that 
of  the  lesser  maximum ;  the  greater  vividness  of  these  rays 
giving  them  a  predominance  over  the  others,  though  more 
numerous ;  but  as  this  inequality  of  number  increases  with 
the  increase  of  thickness,  the  feebler  rays  will  at  length  be- 
gin to  influence  the  tint,  and  finally  obtain  the  predominance : 
thus  producing  in  several  cases,  a  complete  change  of  colour, 
not  a  little  surprising  to  those  who  are  ignorant  of  its  caose* 
Dr  Thomson's  muriated- liquor,  (chloride  4>f  sulphur,)  which 
is  yellowish  green  in  very  small  thicknesses,  and  bHght  red 
in  considerable  ones,  is  a  case  in  point ;  a  solution  of  sap- 
ffreen  presents  the  same  phenomenon  vet  more  strikingly* 
If  enclosed  between  glass  plates,  slightly  inclined,  so  as  to 
form  a  thin  wedge,  its  colour  towards  the  edge  will  appear 
emerald  green,  and  towards  the  back,  blood  red,  passing  in 
the  intermediate  thicknesses  through  a  kind  of  livid  neutral 
tint.'' 

The  existence  of  any  real  homogeneous  yellow  in  the  solar 
spectrum,  has  been  denied  by  Dr  WoUaston.  The  researches 
both  of  Mr  Herschel  and  of  Dr  Brewster  tend  to  show,  that 
though  the  insulation  of  these  rays  in  perfect  purity  may  not 
be  practicable,  yet  they  may  be  so  far  separated,  as  to  place 
tbeu*  existence  beyond  all  doubt.  Dr  Brewster  considers 
these  rays  as  encroaching  on  the  limits  both  of  the  red  and 
green.  Mr  Herschel  attributes  to  them  a  breadth  not  less  than 
one-fourth  of  the  interval  between  red  and  blue*  Dr  Brewar 
ter  draws  the  conclusion,  that  both  the  orange  and  green  are 
really  composite  colours. 
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Of  the  mimeroin  subsequent  experiments  of  Mr  Herschel, 
we  shall  not  give  any  details ;  they  are  all  of  a  very  interest- 
ing nature,  and  exhibit  several  very  singular  changes  in  the 
aspect  of  the  spectrum,  by  a  mere  addition  of  thickness  in 
the  coloured  gteisses :  the  curves  which  represent  them,  are 
all  delineated. 

From  the  solar  light  Mr  Herschel  afterwards  turned  his 
attention  to  that  from  flames,  &c. :  these  lights  differ  extreme^' 
ly  in  their  tj/pei  when  examined  by  the  prism,  and  that  in  an 
apparently  most  capricious  manner.  Among  otfabr  results,  he 
found  that  sulphur,  at  a  stage  of  inflammation  which  is  ex« 
tremely  violent,  as  when  thrown  into  a  white  hot  crucible, 
emits  a  perfectly  homogeneous  and  brilliant  yellow  tight. 
In  examinine;  the  light  of  a  spirit  lamp,  it  was  found  to  be- 
come perfectly  homogeneous  when  viewed  through  a  glass 
consisting  of  a  pale  orange  and  a  pale  creen  one,  cemented 
together.  A  lantern  formed  of  such  glass,  would  afford  a 
monochromatic  lamp  for  microscopical  purposes. 

Some  beautiful  appearances  are  detailed,  as  produced  ftom 
the  tinge  given  to  names  by  various  substances  held  in  solu-* 
lion  with  alcohol,  &c. 

One  of  the  first  glasses  which  Mr  Herschel  tried,  and  one 
which  gave  the  most  important  results,  was  of  that  blue  kind 
with  a  purplish  tint  which  is  employed  for  finger  glafsses,  &c. 
When  the  spectrum  is  viewed  through  a  thickness  of  .04  inch 
of  this  glass,  the  red  space  was  divided  into  two  by  a  dark 
line ;  other  changes  took  place  in  the  rest  of  this '  ^^ctrum, 
which  we  need  not  here  detail.  With  a  double  thickness  of 
this  glass  further  alterations  were  observed ;  aniotf]^  which 
was  that  the  outer  red  alone  remained  visible,  the  i^t^er  beihg 
totally  obliterated.  When  a  great  many  tfaickneteds  'wer^ 
laid  to|ether,  the  extreme  red  and  violet  only  were  ti^hsmit- 
ted.  Air  Herschel  directed  his  attention  particularly  to  these 
outer  red  rays,  and  we  extract  the  following  important  obser- 
rations  upon  them : 

^  The  species  of  light  alluded  to  is  remarkable ;  fii^t;'  for 
Its  perfect  homogeneity,  and  secondly,  for  its  position  ih  the 
spectrum.  When  the  solar  spectrum  received  dn  a  white 
paper  in  a  darkened  room  is  viewed  through  a  moderate 
thickness  (.08  inch)  of  that  glass,  cemented  to  any  red  glass 
of  a  tolerably  pure  colour,  it  will  be  seen  reduced  to  a  per- 
fectly circular  and  well  defined  image  of  a  deep  red  colour. 
If  a  pin  be  now  stuck  in  the  centre  of  the  red  circle  it  will  be 
founa  on  reraoving^the  glass  from  the  eye,  to  have  been  fixed 
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in  wliat  an  ordinary  obsenrer  would  call  the  Yerj  furthest  ter- 
minatian  of  the  red  rays ;  and  a  mark  similarly  made  at  it» 
circumference,  will  appear  to  lie  wholly  without  the  spectram, 
among  the  dispersea  light  which  usually  hangs  about  its 
edges :  in  other  words,  the  red,  thus  insulated,  is  of  too  feeble 
an  illuminating  power  to  effect  the  sight  in  the  immediate 
vicinity  of  the  other  more  brilliant  rays,  and  only  becomes 
visible  when  they  are  extinguished,  or  greatly  enfeebled* 
To  an  eye  defended  by  such  a  glass,  vision,  through  a 
prism  with  the  largest  refracting  angle,  is  as  sharp,  and  the 
outlines  of  minute  objects  as  free  from  nebulosity  and  indis- 
tinctncss,  as  if  their  rays  had  suffered  no  refraction.  These 
characters, — the  absolute  homogeneity  of  the  rays, — their 
situation  precisely  at  the  least  refractea  limit  of  the  spectrum, 
and  the  facility  with  which  they  may  be  insulated,  render 
them  of  peculiar  importance  as  standards  of  comparison  in 
optical  experiments.^' 

In  this  simple  and  unpretending  manner  does  Mr  Herschel 
announce,  what  we  must  consider  one  of  the  greatest  acces- 
sions to  the  catalogues  of  optical  facts,  which  has  been  made 
since  Newton  first  pointed  out  the  unequal  refrangibility  of 
the  primary  rays.  To  their  number  Mr  Herschel  has  added 
another,  whose  existence  had  not  previously  been  suspected : 
in  the  analysis  of  light  he  has  detected  a  new  ingredient,  and 
has  thus  found  a  new  and  exact  means  of  measuring  the  di^ 
persive  powers  of  different  media.  To  this  purpose  he  has, 
at  the  conclusion  of  his  paper,  applied  the  insulation  of  these 
extreme  red  rays,  and  of  the  extreme  violet :  the  deviation 
thus  obtained,  being  of  course  greater  for  every  sort  of  glass 
than  any  obtained  oy  former  methods,  and  the  measurement 
extremely  exact,  from  the  circumstance  of  the  rays  being 
precisely  defined  and  truly  homogeneous.  The  method  of 
operating  is,  we  believe,  new,  and  very  simple. 

The  utility  of  the  extreme  red  rays  for  this  purpose  is  un- 
questionably very  great ;  but  the  fact  will  be  interesting  to 
philosophers  in  a  variety  of  other  points  of  view.  We  have 
already  made  some  remarks  on  the  decrease  of  illuminating 
intensity  in  the  different  spaces  oi  the  spectrum,  from  the 
centre  to  the  extremities :  tnis  is  closely  connected  with  the 
existence  of  invisible  rays.  It  has  been  ascertained  that  the 
eye  is  somewhat  deficient  in  its  power  of  converging  red 
light :  from  this  cause  alone,  if  the  red  rays  were  presented 
to  it  in  an  insulated  state,  the  outer  part  of  the  red  would  be 
indistinct,  and  it  would  be  very  probable  that  certain  extreme 
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rays  might  exist  which  would  be  altogether  invisible ;  but  whe 
the  rays  are  presented  in  juxta-position,  the  influence  of  the 
central  rays  which  converge  at  a  shorter  distance  will  tend 
to  increase  the  deficiency  in  the  perception  of  the  extreme 
red ;  and  this  would  be  the  case  on  the  supposition  that  all 
the  rays  possessed  an  intrinsic  equal  illuminating  power  and 
were  all  of  equal  density :  but  if  in  this  respect  they  differ, 
(as  we  have  seen  they  do,)  the  diminution  will  be  still  more 
considerable*  It  would  thus  be  evident,  that  at  whatever 
distance  from  the  central  point  the  real  termination  of  the 
-spectrum  were  situated,  the  apparent  illuminating  powers 
must  decrease  by  a  much  more  rapid  law,  than  the  absolute 
and  intrinsic  intensities  would  do :  so  that  the  apparent  limit 
of  the  spectrum,  would  be  at  a  much  shorter  distance  from 
the  point  of  maximum  illumination.* 

The  discovery  of  the  new  red  rays  has,  as  might  be  ex* 
pected,  excited  great  interest ;  they  have  been  recently  exam- 
ined by  Mr  Powell,  who  has  measured  their  deviation,  and 
observed  them  also,  in  the  moon's  light.  In  forming  the  spec- 
trum as  in  Dr  Wollaston's  experiment  above  described,  their 
appearance  is  remarkably  distinct ;  in  the  spectrum  of  the 
blue  part  of  a  flame  they  do  not  exist,  although  there  is  much 
of  the  more  refrangible  red. 

On  the  peculiar  importance  of  these  rays,  in  respect  to 
another  branch  of  physical  inquiry,  we  will  not  here  enlarge, 
as  we  believe  we  shall  shortly  have  a  more  appropriate  occa- 
sion of  noticing  them. 

Meanwhile  we  haye  to  trust  to  the  indulgence  of  our  read- 
ers for  the  length  to  which  our  present  subject  has  I8d  us ; 
but  we  can  assure  them  we  have  used  our  utmost  endeavours 
to  compress  into  the  shortest  compass,  all  that  appeared  to 
us  most  likely  to  be  generally  interesting  in  the  recent  history 
of  optical  researches. 


*  For  some  able  illustrations  bearing  on  this  point,  we  refer  oar  readers  to 
a  paper  b^  Dr  Brewster, "  On  the  Adjustment  of  the  Eye,"  Edinbargh  Joar^ 
nal  of  Science,  No.  1,  p.  77. 
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Art.  XXXIII. — Remarks  on  ike  Defoliation  of  Trees**    By  the 
Rev.  John  Fleming,  D.  D.  F*  R*  S*  E.,  &c.     Commani- 

cated  by  the  Author. — [Brewster^s  JourJ] 

The  arrangements  which  prevail  in  the  vegetable  kingdom 
regarding  the  ^^  Duration  of  Leaves,^'  do  not  appear  Uy  have 
been  stuaied  with  so  much  care  as  many  other  subjects  con- 
nected with  the  economy  of  plants*  Aristotle  knew  that  some 
leaves  were  deciduous,  others  not.  Ca&salpinus  that  many 
trees  lose  their  leaves  in  autumn  when  their  fruits  are  perfect- 
ed, and  their  buds  hardened,  while  such  as  retain  toe  fruit 
long,  keep  also  their  leaves,  even  till  a  new  crop  is  produced, 
and  longer,  as  in  the  fir,  the  arbutus,  and  the  bay.  Linneus 
distributes  leaves  in  reference  to  their  duration,  into  decuAio, 
cadtica^  persistentia^  pertnnia^  sempervirmtia.  Sir  James  Ed- 
ward Smith  simplifies  this  arrangement  of  Linnsus,  and  ceti* 
siders  leaves  as  to  their  age  as  of  two  kinds.  SempervireiHt, 
evergreen,  permanent  through  one,  two,  or  more  winters,  so 
that  the  branches  are  never  stripped,  as  the  ivy,  the  fir,  the 
cherry  laurel,  and  the  bay.  Decidufumj  deciduous,  falling  ofi* 
at  the  approach  of  winter,  as  in  most  European  trees  and 
shrubs. 

It  is  much  to  be  regretted  that  the  learned  botanist  last 
mentioned,  should  have  passed  over  this  division  of  the  char- 
acter of  plants  without  improving  the  classification  of  his 
master,  or  expressing  himself  more  consistently  with  the  phe- 
nomena of  nature.  A  little  attention  to  the  subject  will  con* 
vincelis,  that  winter  is  not  the  proximate  cause  of  the  jfalling 
of  the  leaf  in  many  trees ;  that  many  leaves  fall  off  lone  be- 
fore the  approach  of  winter,  and  that  others  which  have 
withstood  its  attacks,  perish  with  the  warmth  of  spring.  The 
want  of  attention  to  these  circumstances,  so  conspicuous 
among  our  systematical  writers,  and  which  I  have  witnessed 
among  well  informed  practical  botanists,  may  serve  as  an 
apology  for  the  following  remarks.  Perhaps  they  possess  no 
novelty  to  those  who  are  acquainted  with  the  labours  of  the 
more  recent  physiologists.  To  others,  however,  they  may 
appear  to  have  a  little  interest. 

Trees,  in  reference  to  the  duration  of  their  leaves,  appear 
capable  of  division  into  three  classes.  In  the  first  class 
maybe  included  those  in  which  the  leaves  cease  to  exercise 

*  Read  before  the  Royal  Society  of  Ediobargh,  December  25, 1886. 
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their  functions  whenever  the  bud  has  been  perfected.  In  the 
second  the  leaves  continue  to  exercise  their  functions  until 
new  ones  are  produced  in  the  following  season.  In  the  third 
x^lass,  the  leaves  continue  to  exercise  their  functions  for  sev* 
eral  years. 

In  trees  of  the  first  class  the  leaf  may  with  propriety  be 
termed  ^^  Folium  deciduum,^''  Its  principal  function  appears 
to  be  connected  with  the  ripening  of  the  bud,  and,  when  this 
object  is  accomplished,  the  leaf  changes  colour  and  dies* 
The  falling  of  such  leaves  takes  place,  as,  indeed,  in  all  other 
cases,  in  the  order  in  which  they  were  evolved.  Hence  by 
midsummer  we  witness,  in  willows,  for  example,  a  considera- 
ble portion  of  the  lower  part  of  the  shoot  naked,  its  leaves 
having  fallen,  while  towards  the  extremity  its  foliage  is  fresh 
and  increasing  in  quantity. 

In  those  trees  in  which  two  evolutions  of  buds  take  fdace 
in  the  course  of  the  season,  as  in  the  beech,  the  leaves  formed 
on  the  spring  shoot  change  their  colour  and  die  sooner  than 
those  evolved  at  a  later  period  on  the  summer  shoot* 

In  those  trees  which  seem  to  lose  all  their  leaves  suddenlTi 
as  the  ash,  the  same  order  of  defoliation  actually  prevails. 
The  first  evolved  leaves  of  spring  have  perished,  by  degrees, 
in  the  course  of  the  summer.  Those  with  which  the  tree  is 
clothed  at  the  end  of  the  season,  are  connected  with  the  ter- 
minal buds,  which  by  becoming  perfect  about  the  same  time, 
permit  the  leaves  connected  with  them  to  fall  off  in  rapid 
succession. 

The  leaves,  in  some  cases,  after  they  have  ceased  to  exercise 
their  functions,  continue  attached  until  the  following  spring, 
as  the  beech  in  hedges.  Wh'^'n  this  plant,  however,  is  not 
under  the  influence  of  the  shears,  the  leaves  fall  ofiT  in  the 
usual  manner.  The  cause  of  this  want  of  resemblance  be- 
tween mdividuals  of  the  same  species,  may  be  found  in  an 
examination  of  the  different  circumstances  in  which  thev  are 
placed.  When  the  beech  grows  exposed  to  free  air  and  sun- 
shine, the  buds  attain  their  true  size,  the  leaves  execute  regu- 
larly all  their  functions,  and  drop  off  when  they  cease  to  aict 
their  part  in  the  economy  of  the  plant.  But  when  the  beech 
is  trained  in  a  hedge,  it  is  too  much  shaded,  the  buds  seldom 
attain  their  true  size,  and  the  leaf  is  frequently  destroyed  by 
cold,  previous  to  the  end  which  it  is  destined  to  serve  having 
beeki  accomplished. 

In  some  cases,  leaves,  which  naturally  would  fall  off  in  au- 
tumn^ continue,  when  the  plant  is  subjected  to  the  shears,  to 
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outlive  the  winter, — ^as  the  privet.  The  leaves,  under  such  cir- 
cumstances, may  be  said,  in  the  language  of  farmers,  to  be 
^  kept  back,''  and  to  be  capable  of  resisting  the  cold,  while 
useful  to  the  economy  of  the  plant*  Many  analogous  exam- 
ples occur  among  herbaceous  plants. 

In  the  trees  with  deciduous  leaves,  it  is  probable,  that,  dar- 
ing the  period  of  their  nakedness,  the  bark  may  be  viewed 
as  the  aerating  organ,  destined  to  effect  the  escape  of  the 
superfluous  caroon  from  the  system.  During  this  period  they 
may  be  viewed  as  resembling  *^ plants  aphylUeJ*^  The  bark, 
indieed,  of  the  young  shoots  of  several  trees  and  shrubs,  as 
the  common  broom,  is  so  very  like  in  colour  and  texture,  to 
the  leaves,  as  to  render  it,  in  all  probability  fit  to  supply  their 
place  for  a  time. 

In  trees  of  the  second  class,  the  leaf  may  be  termed  "yb- 
Iwm  annuiim.^  It  exercises  its  functions  until  a  new  set  of 
leaves  be  produced,  and  is  then  cast  off  in  the  ordinary  order 
of  seniority.  Many  of  our  most  ornamental  evergreens  are 
of  this  description,  as  the  bay,  laurel,  ivy,  and  holly.  These 
are  termed  evergreens,  because  the  plant  is  never  left  naked, 
and  the  leaves  of  this  year  exercise  their  functions,  and  pre- 
serve their  colour,  until  the  shoots  of  the  following  season 
have  acquired  their  clothing.  The  leaves  of  the  plants  of 
this  class,  appear,  therefore,  to  exercise  a  greater  influence, 
in  the  economy  of  vegetation,  than  in  those  connected  with 
the  first.  Here  the  plant  requires  the  aid  of  leaves  at  all 
times,  no  other  organs,  in  ordinary  cases,  appearing  to  be 
capable  of  exercising  their  functions,  or  acting  as  a  substi- 
tute. Do  these  annual  leaves  exercise  a  greater  variety  of 
functions  than  the  deciduous  leaves  ?  Or  does  the  bark  of  a 
tree,  with  annual  leaves,  exercise  fewer  functions,  than  the 
same  organ  in  trees  with  deciduous  leaves. 

When  growing  too  much  in  the  shade,  or  when  subject  to 
the  influence  of  the  shears,  annual  leaves  may  have  the  pe- 
riod of  their  life  prolonged,  so  as  to  exercise  their  functions 
after  the  new  shoots  have  evolved  their  leaves. 
.  In  trees  of  the  third  class,  the  leaf  may  be  termed  ^^  folium 
perenneJ^  Its  duration  is  not  influenced,  directly,  by  the  per- 
fection of  the  bud,  nor  the  new  supply  of  leaves  during  the 
following  season.  The  leaves  of  two  or  more  seasons,  exer- 
cise, in  trees  of  this  class,  their  functions  at  the  same  time, 
and  appear  to  be  requisite  for  the  prosperity  of  the  stem. 
Our  ordinary  evergreen  firs  furnish  very  obvious  examples 
of  this  persistent  leafing.     In  trees  of  this  description,  the 
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leaves  seem  to  exercise  functions  even  of  a  higher  order,  and 
continue  to  exercise  these  longer  than  in  those  of  the  two 
preceding  groups*  The  tree  here  requires  the  leaves,  not  for 
a  few  montns,  or  until  new  leaves  be  produced,  but  Uwts  of 
different  ogM, — two,  three,  or  more  years  old* 

In  the  trees  of  this  class  there  is  less  regularity  in  the  falling 
of  the  leaf,  as  to  season,  than  in  the  two  preceding  ones*  Few 
of  the  eld  leaves  drop  off,  when  the  tree  produces  the  shoots, 
and  new  leaves  in  spring*  A  greater  number  seem  to  perish 
about  midsummer,  and  again  on  the  approach  of  winter* 

The  succession  in  the  fall  of  the  leaves  is,  as  in  the  other 
classes,  in  the  order  of  their  seniority  on  the  same  stem  and 
branch.  But  sometimes  only  a  portion  (the  first  formed  ones) 
of  *the  leaves  of  one  season  drop  off,  the  remaining  portion 
continuing  to  exercise  their  functions  during  a  longer  period* 
On  the  same  tree  may  even  be  observed  leaves  ot  three, 
four,  five,  six,  or  even  seven  yeart  of  age ;  and  wliile  a  part 
of  those  three  years  old  may  be  changing  colour  and  drop 
ping  oSf  those  seven  years  old  may  remain  green  and  fresh* 
Those  which  are  placed  in  the  shade  live  longest,  yet  even  in 
this  respect  I  have  witnessed  many  anomalies* 

These  remarks  apply  to  the  duration  of  the  leaves  of  the 
trees  of  this  country.  The  influence  of  climate  on  the  dura* 
tion  of  leaves  has  often  been  stated  as  considerable,  and  ca- 
pable of  converting  deciduous  leaved  trees  into  evergreens, 
or  the  reverse*  In  cold  climates,  vegetation  is  interrupted  by 
winter*  In  warm  climates,  plants  experience  not  such  int^ 
ruptions*  It  may  therefore  be  asked.  Will  a  warm  climate 
alter  the  character  of  the  leaves  of  certain  trees,  so  far  as  to 
change  a  deciduous  into  an  annual  or  perennial  leaf  f  Or  is 
there  a  source  of  deception  arising  from  the  cofUinued  vegekh 
Hon  exhibiting  trees  as  evergreens,  though  in  fact  their  leaves 
be  deciduous  ?  An  affirmative  answer  to  the  latter  question, 
will  probably  be  found  an  expression  of  the  truth* 


Art*  XXXIV* — Essay  on  CaHco-Printing.  {Parkes^  Chemical 
Essays."} 

* 

(Concladed  from  pa^e  261.) 

Another  kind  of  process  remains  to  be  noticed,  called 
cHKMicAL-DiscHARQB  work.     Here  the  cloth  is  first  died  of 
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some  uniform  colour,  by  means  of  a  mixture  of  iron-iiquor, 
and  some  one  or  more  of  the  common  vegetable  dyeing  sub- 
stances ;  and  calicoes  thus  prepared  are  said  to  be  dyed  of 
self-colours*  They  are  then  washed  and  dried ;  and  when 
properly  pressed  or  calendered,  they  are  fit  for  receiving  any 
pattern  whatever,  according  to  the  ta^e  or  design  of  the 
artist. 

This  is  generally  effected  by  means  of  the  mineral  acids, 
which  are  previously  prepared  for  the  purpose,  by  dissolving 
in  them  a  portion  of  one  or  more  of  the  metals,  according  to 
the  nature  of  the  dye  which  is  intended  to  be  dischargee!,  or 
of  the  colour  to  be  produced.  In  doing  this,  care  is  taken 
that  the  discharging  liquor  be  made  so  as  to  be  capable  of  dis^ 
aolvmg  the  iron  which  is  contained  in  the  dye,  and  which  is 
always  used  in  such  quantity  as  to  cover,  or  at  least  to  disguise 
in  a  great  measure,  the  other  colour  or  colours  which  had 
been  employed  with  it,  and  at  the  same  time  to  act  as  a  mor* 
dant  in  heautifyiog  and  fixing  those  colours. 

Thus  a  piece  treated  with  a  decoction  of  Brazilwood,  and 
6jed  black  by  being  padded*  with  iron-liquor,  if,  when 
dried,  it  be  printed  with  a  peculiar  solution  ot  tin,  the  fem> 
gtnous  portion  of  the  dye  will  be  dissolved,  and  the  printed 
part  will  instantly  be  cofiverted  from  a  deep  black  to  a  bril- 
liant crimson.  ' 

In  the  same  way  an  olive-coloured  calico,  dyed  in  a  solution 
of  iron  and  a  decoction  of  weld,  will  as  quickly  be  changed 
to  a  pale  bright  yellow ;  and  the  various  drabs  and  slates  of 
every  shade  which  have  iron  in  their  composition,  will  under- 
fjp  as  sudden  a  change  by  the  same  treatment ;  though  the 
colour  of  the  fieures  produted  on  them  will  depend  on  the 
materials  with  which  the  cloths  were  originally  dyed.  Even 
the  deepest  gold  colours,  or  strongest  buff:$,  if  produced  by 
iron  bniv,  may,  by  a  peculiar  preparation  of  tin,  be  discharg- 
ed ;  ana  such  parts  of  the  cloth  as  have  been  treated  with 
this  metallic  solution  will  be  restored  to  their  pristine  white- 
ness. 

By  similar  management,  calicoes  dyed  of  a  light  blue  in 
the  indigo-vat,  then  run  through  sumach  and  coperas,  and 
finished  in  a  bath  of  quercitron  bark  and  alum,  may  have 
figures  of  a  bright  green  imparted  to  them.     Here  the  green 

^■^^^W— iMi^*^^*'^  ■  ■  ■  '  *     m  ^^  III        ■  I  I    III  ■  I        I  I     I         »■  II      I  I 

p 

*  By  th«  term  padding  is  understood  the  operation  of  passing  tbe  pieces  from  a 
ToUer  through  a  trough  containing  a  solution  oftron,  or  any  other  mordant.  Shtck' 
ing  ia  another  term  used  in  calico-printing,  and  is  synonjmuyui  with  padding 
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k  t>riginally  formed  by  means  of  the  indigo-vat  and  the  bark, 
though  it  is  envebped  by  the  iron  of  the  copperas,  wiiich 
overcomes  the  other  colours,  till  the  solution  of  tin  is  applied, 
which  removes  the  iron  from  those  particular  parts,  and  eives 
a  brilliancy  to  the  remaining  colours  which  they  would  not 
otherwise  have  possessed ;  the  tin  being  a  f>owerful  mordant 
for  the  bark,  by  which  the  yellow  of  the  green  is  produced* 

Again,  a  good  self-colour  may  be  given  to  calicoes,  merely 
by  ^eing  them  in  sumach  and  copperas,  and  then  running 
them  through  an  alkaline  solution  of  annotto ;  and  here  the 
figures  produced  by  the  application  of  a  colourless  solution 
of  tin  will  be  of  a  bright  orange.  But  it  is  needless  to  enu- 
merate more  instances,  as  the  workman  accustomed  to  a  dye^ 
house  will  have  little  difficulty  in  varying  these  in  a  thousand 
ways,  when  he  becomes  acquainted  with  the  nature  of  the 
solution  of  tin  which  he  employs* 

The  whole  of  thiS)  howeVer,  refers  to  that  branch  of  dis- 
charge-work only,  where  all  the  purposes  are  attained  bv  dis- 
solving the  iron  which  makes  a  part  of  the  colour  that  is 
intenoed  to  be  discharged;  whereas,  the  finer  and  more  ex- 
pensive work  is  done  in  a  difierent  way,  and  by  ^  process 
which  it  will  be  necessary  for  tne  presently  to  describe* 

It  is,  however,  proper  to  remark,  that  there  is  an  objection 
to  the  particular  kind  of  chemical  discharge-work  of  which  I 
have  been  speaking,  namely,  that  it  is  not  perfectly  fast;  that 
is,  the  goods  produced  in  this  way  will  not  bear  such  frequent 
washing,  as  tnose  which'  are  done  by  the  bath  of  madder  or 
bark* 

It  is  certainly  an  object  of  great  national  importance  to 
give  a  permanency  and  beauty  to  the  calico-printing  of  the 
country  ;*  and  a  great  deal  of  very  excellent  printing  is  now 
done  in  various  parts  of  the  kingdom,  especially  for  the  best 
chintz-work  ana  other  furniture  patterns.  But,  in  what  is 
called  fast-work)  there  is  a  great  variety  of  qualities,  and 
some  of  it  little  deserves  the  name  of  permanent. 

The  mention  of  permanent  colours  reminds  me  of  a  very 
valuable  green  which  was  invented  some  years  ago  bj^  a  Mv 
Islet  of  London^  and  which  deserves  to  be  noticed  in  this 


*  To  this  end  great  improvements  have  of  late  years  been  made  in  the  method  of 
grinding  madder^roots,  by  separating  the  inferior  parts*and  dividing  the  whole  into 
two  or  three  different  qualities.  Thus  the  printer  is  enabled  to  apply  the  finest, 
which  in  this  way  is  made  equal  to  Dutch-crop-madder,  to  his  best  woriE,  and  the 
other  can  be  laid  by  for  inferior  purposes. 

BosU  Jour.  April  fy  May,  1826.        43 
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Essay-  This  colour,  which  was  secured  to  him  by  His  Mat- 
jesty's  Letters  patent,  is  produced  by  printing  ground  indigd 
mixed  with  a  peculiar  kind  of  solution  of  tin,  and  in  then  fas- 
tening the  indigo  within  the  fibres  of  the  calicO  by  means  of 
that  {)rocess,  wnich  is  well  known  to  printers  by  the  technical 
designation  of  china-blue  dipping**  After  this  the  goods  are 
dyed  in  a  copper  of  bark  or  weld,  which  converts  the  blue 
to  a  green,  and  the  whites  are  afterwards  cleansed  by  croft- 
bleaching,  &c. 

Having  myself  formed  a  very  high  opinion  of  this  invention, 
I  had  several  interviews  with  Mr*  Islet,  soon  after  he  obtained 
the  patent,  and  from  him  was  fully  informed  of  the  whole 
process* — This  I  have  since  repeatea  for  the  purpose  of  veri- 
fying the  detail  in  all  its  branches ;  and  I  am  satisfied  that  it 
is  one  of  the  most  beautiful  and  permanent  colours  that  has 
ever  been  fixed  upon  cotton. 

There  is  another  mode  of  producing  very  beautiful  blues 
which  has  been  much  practised  lately,  and  therefore  deserves 
notice.  This  consists  in  printing  some  solution  of  iron,  and 
then  passing  the  goods  through  a  very  dilute  and  neutral  solu- 
tion of  prussiate  of  potash.  The  Prussian  blue  which  is  thus 
formed  upon  the  cloth  may  be  rendered  tolerably  permanent 
by  a  variety  of  expedients,  and  this  by  means  of  any  of  the 
yellow  dyes  may  afterwards  be  formed  to  any  shade  of  green 
or  of  olive. 

Begging  to  be  excused  for  the  irregularity  of  these  digress 
sions,  I  must  not  forget  to  revert  to  that  other  kind  of  dis- 
charge-work which  1  have  engaged  to  describe,  and  which  I 
will  now  attempt  as  concisely  as  is  consistent  with  perspicuity 
and  correctness. 

Here,  the  agent  which  is  employed  is  the  citric  acid,  and 
this  is  used  in  various  states  of  concentration  according  to  the 
purpose  to  which  it  is  to  be  applied,  and  the  strength  of  the 
ground  intended  to  be  discharged.  It  is  chiefly  employed 
for  the  production  of  white  figures  upon  self-coloured  grounds 
produced  by  madder  and  sundry  other  dyes.  For  this  inten- 
tion the  acid,  in  whatever  state  of  concentration  it  may  be,  is 
mixed  with  either  gum  or  with  flour-pastet  to  a  proper  con- 

*  Chin»4»lae  is  produced  thus : — ^Ind^o  ground  fine,  and  then  thickened,  is  print- 
ed upon  the  cloth,  and  afterwards  it  is  dissolved,  and  chemically  united  to  the  fiib- 
ric,  D7  alternate  immersion  in  a  solution  of  sulphate  of  iron  and  in  lime  water. 

f  When  citric  acid  is  used  for  resist-work,  it  is  always  mixed  with  gum  sen^al 
and  pipe^ay.  The  clay  gives  it  a  greater  hody,  and  likewise  acts  mechanicaUy  as 
a  resister. 
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sifltency  for  the  block,  the  plate,  or  the  cylinder,  and  from 
thence  it  is  transferred  to  the  piece ;  and  wherever  it  attaches, 
the  mordant,  whether  iron  or  alumine,  is  dbcharged,  and  a 
delicate  white  arises  in  its  stead.* 

The  acid  here  referred  to  is  produced  from  the  juice  of 
times  or  lemons,  and  formerly  it  was  not  employed  by  the 
calico-printer  until  it  had  been  reduced  to  the  utmost  point  of 
concentration,  and  appeared  in  a  crystalline  form.  Even 
then,  it  was  not  thought  sufficiently  pure,  but  was  dissolved 
acain,  and  redissolved  and  recrystallized,  until  it  became  as 
iraite  and  pellucid  as  any  other  pure  salt  in  a  crystallized 
state,  and  was  then  generally  sold  for  SGs*  the  pound,  at 
which  high  price  it  could  only  be  employed  on  the  best  styles 
of  work.  Now,  however,  it  is  oftener  used  in  the  brown,  or 
first  state  of  crystallization ;  and  some  of  the  larger  printers 
purchase  lime  juice,  and  conceixtrate  it  themselves ;  and  in 
many  cases  they  use  it  largely  both  for  discharge-  and  resist- 
work,  without  crystallizing  it.  More  on  this  subject  may  be 
seen  in  the  Essay  on  Citric  Acid,  which  was  written  with  the 
hope  of  rendering  an  essential  service  to  a  large  body  of 
manufacturers  in  various  parts  of  these  kingdoms. 

This  mention  of  discharge-work  by  citric  acid,t  reminds 
me  of  another  species  of  discharge,  which  is  employed  by 
the  printers  of  Bandana  handkerchiefs,  and  which  I  am  under 
the  promise  of  noticing  before  I  conclude  this  Essay. 

The  agent  which  these  printers  employ  is  the  nitrous,  and 
sometimes  the  nitro-muriatic  acid.  It  is  used  for  the  purpose 
of  putting  yellow  figures  upon  blue  silk  handkerchiefs.  The 
following  is  the  process  which  is  principally  adopted. 

Aqua-fortis,  or  nitro-muriatic  acid,  of  such  a  strength  as  is 
suitable  for  the  kind  of  blue  which  is  intended  to  be  dis- 
charged, is  mixed  either  with  gum  tragacanth,  or  with  flour- 
paste,  to  a  proper  consistence,  and  in  this  form  it  is  printM 
on  the  silk,  by  means  of  a  common  block,  on  which  the  in- 
tended pattern  is  cut.  The  consequence  of  this  is,  that  wher- 
ever the  acid  attaches,  there  the  original  colour  is  discharged) 
and  a  yellow  dye  is  produced  in  its  place.    The  pieces  are 


*  It  should  be  understood,  that  the  discharge  is  printed  upon  the  mordants  before 
the  goods  are  dyed.  In  usin^  citric  acid  for  this  purpose,  a  portion  of  one  of  the 
mineral  acids  is  sometimes  mixed  with  it. 

f  Mr  Thomson,  a  scientific  printer,  who  has  an  establishment  near  Clithero,  which 
IS  carried  on  under  the  firm  of  Thomson  and  Chippendale,  has4aken  out  a  patent  for 
dischaiffing  the  Turkey-red  dye  by  means  of  the  citric  and  ozy-muriatic  acids ;  and 
tiie  work  executed  in  this  way  lias  a  very  pleasing  effect. 


340  On  CaUea-printiTig. 

.then  steamed,  hy  passing  them  over  a  vessel  containing  boiling 
water,  which  gives  brilliancy  to  the  colour  and  finishes  the 
operation. 

If  a  stronger  dye  than  the  usual  yellow,  or  even  a  deep 
orange  be  desired,  all  that  is  necessary  is  to  immerse  the 
goods,  for  a  moment,  in  lime  water,  or  in  a  solution  of 
lime  and  potash ;  and  by  varying  the  proporticms  of  these  in- 
gredients a  great  variety  of  snaoes  may  be  produced* 

It  must  be  noticed  that  this  method  is  applicable  only  to  the 
discharge  of  the  colour  from  silk  handkerchiefs ;  the  process 
for  producing  the  spots  on  cotton  Bandanas  being  entirely  dif- 
ferent. This  manufacture,  which  is  of  considerably  more 
importance  than  the  former,  was  established  some  years  ago 
in  Scotland,  for  the  purpose  of  producing  imitations  of  the 
Bandana  handkerchiefs  which  are  imported  from  India.  It 
is  conducted  in  the  following  manner* 

Pieces  of  fine  calico  are  dyed  by  the  Turkey-red  {»t)cesSy 
of  a  colour  as  nearly  approaching  to  scarlet  as  can  be  pro- 
duced on  cotton  by  that  means ;  and,  upon  this  plain  dved 
calico,  white  spots  are  produced  bv  a  method  to  be  desrcibed 
hereafter.  The  pieces  of  calico  naving  been  bleached  to  a 
perfect  white  before  they  are  dyed  Turkey-red,  the  present 
object  is,  not  only  to  discharge  the  dye  on  certain  parte  of 
the  cloth,  but  by  the  same  agent  to  restore  those  parts  to  their 
original  whiteness. 

These  discharged  parts  are  usually  in  the  form  of  spots, 
sometimes  round  and  sometimes  square  or  triangular,  and 
these  marks  or  spots  are  produced  by  the  action  of  a  chemi- 
cal liquid,  while  the  pieces  of  calico  are  under  the  action  of 
a  powerful  press.  Tne  machinery  for  this  purpose  is  made 
in  an  expensive  manner,  as  it  is  required  to  be  of  very  great 
strength,  and  it  is  put  together  with  the  utmost  exactness. 
•  To  this  press  two  horizontal  plates  are  adapted,  for  the 
purpose  of  receiving  the  calico  which  is  to  be  placed  between 
them.  The  pattern  intended  to  be  given  to  the  handkerchiefs  is 
first  markea  upon  these  plates ;  and  in  the  bottom  plate  holes 
arc  cut  of  the  exact  form  and  size  of  the  intended  spots; 
whereas,  in  the  upper  plate  every  spot  is  marked  out  by  a 
small  copper  tube  which  goes  through  the  plate  and  is  firmly 
cemented  within  it. 

When  the  plates  are  about  to  be  fixed,  there  is  a  contriv- 
ance for  ascertaining  that  the  orifices  of  the  tubes  in  the  upper 
plate  are  exactly  perpendicular  to  the  respective  holes  in  the 
under  plate ;  which  is  a  circumstance  of  the  utmost  import- 
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ance,  as  the  discharging  liquor  which  is  poured  into  the  tubes 
is  designed  to  pass  through  the  folds  of  calico  into  the  cor- 
responding holes  in  the  lower  plate. 

The  apparatus    being  thus  prepared,  the  handkerchief 

Eieces  are  neatly  folded  into  squares  of  the  size  of  a  single 
andkerchief  and  of  the  thickness  of  about  ten  or  a  dozen 
folds.  One  of  these  pieces,  consisting  of  ten  or  twelve  hand- 
kerchiefs, is  then  laid  smoothly  upon  the  lower  plate,  and  is 
so  disposed  as  to  lie  square  with  the  plate.  By  means  of  a 
lever,  the  cover  of  the  press,  to  which  the  upper  plate  is  at- 
tached, IS  then  lowered,  and  by  continuing  the  action  of  the 
lever,  these  plates,  with  the  folds  of  calico  between  them,  are 
screwed  firmly  together. 

The  consequence  of  this  is,  that  the  ends  of  the  tubes  fixed 
in  the  upper  plate,  are  brought  to  press  upon  the  surface  of 
the  cloth ;  and  as  these  are  made  to  pres$  upon  it  with  great 
force,  and  as  each  tube  has  a  corresponding  hole  immediately 
beneath  it  in  the  under  plate,  it  is  evident  that  the  fluid  which 
is  poured  into  these  tubes  will  be  directed  into  the  holes  be^ 
low,  and  cannot  pass  in  any  other  direction. 

When  things  are  thus  arranged,  and  the  press  is  firmly 
screwed  down,  a  very  dilute  solution  of  chloride  of  lime, 
containing  a  small  portion  of  sulphuric  acid,  is  poured  upon 
the  upper  plate  of  the  press ;  and  as  this  plate  has  an  iron 
rim  round  its  upper  surface,  the  fluid  which  is  poured  upon  it 
is  determined  into  the  tubes,  and  as  it  percolates  through  the 
cloth  it  discharges  the  colour  on  those  particular  parts,  and 
passes  off  through  the  holes  of  the  lower  plate  into  a  trough 
placed  underneath  to  receive  it. 

It  is  observable  that  the  chemical  liquid  is  prepared  suffi« 
ciently  strong  to  discharge  the  colour  in  the  course  of  about 
ten  or  twelve  minutes,  and  yet  not  so  powerful  as  to  endanger 
the  fabric  of  the  cloth ;  and  that  the  great  pressure  of  the 
screw  prevents  the  fluid  from  spreading  beyond  the  precise 
limits  marked  out  by  the  tubes  and  the  corresponding  holes 
underneath* 

As  soon  as  the  dischar^ng  liquor  is  found  to  have  entirely 
passed  through,  the  press  is  slackened,  and  the  cloth  is  remov- 
ed to  make  room  for  another  piece,  which  is  immediately 
substituted ;  and  in  this  way  the  process  is  continued  through- 
out the  day  without  interruption*  One  press,  requiring  the 
attention  of  two  men  only,  will  print  fifty  pieces,  contaming 
one  dozen  handkerchiefs  each,  in  the  course  of  the  day. 

When  the  pieces  are  first  taken  from  the  press,  the  spots 
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which  have  been  produced  by  the  discharging  liquid  are  not 
perfectly  white ;  it  is  therefore  necessary  to  have  recourse  to 
a  subsequent  process  similar  to  the  one  usually  employed  for 
clearing  the  whites  on  common  printed  calicoes ;  and  this  not 
only  removes  every  stain,  but  also  heightens  the  brightness  of 
the  Turkey-red  dye.  I  am  aware  that  at  one  time  there  was 
a  general  complaint  of  such  handkerchiefs,  after  frequent 
washings,  becoming  tender  in  those  parts  which  had  been 
acted  upon  by  the  chemical  liquor :  this  I  think  must  be  ow- 
ing either  to  the  employment  of  a  liquor  too  much  concen- 
trated, or  to  the  remains  of  the  acid  tiot  having  been  perfectly 
removed  before  the  goods  were  dried  and  pressed  for  sale; 
as  I  am  persuaded  that  with  due  caution  the  process  may  be 
safely  conducted. 

When  speaking  of  yellows,  it  was  my  intention  to  have 
mentioned,  that  there  is  a  mode  of  producing  yellows  on  cali- 
co which  is  not  very  frequently  practised,  and  yet  has  a  very 
good  effect.     The  process  is  as  follows : 

A  strong  decoction  of  quercitron  bark,  thickened  with  gum 
tragacanth,  is  to  be  mixed  with  a  portion  of  very  pure  muri- 
ate of  tin,  and  this,  when  printed  with  the  usual  management, 
will  produce  a  colour  of  great  brightness  and  durability.  I 
mention  this  the  rather,  because  very  many  pleasing  effects 
may  be  obtained  by  this  method  which  cannot  be  produced  in 
the  usual  way,  by  means  of  the  acetate  of  alumina,  and  any 
of  the  yellow  dyes  that  may  be  employed  with  it. 

There  is  one  very  important  advantage  which  this  mode 
possesses,  viz.  that  should  it  be  necessary  to  pad  a  piece  in 
diluted  acetate  of  alumina  to  obtpiin  a  pale  lemon  ground,  the 
yellow  figures,  previously  imparted  by  the  above  process, 
will  not  give  out  any  part  of  their  colour  to  the  second  mor- 
dant ;  whereas,  whenever  a  strong  yellow  has  been  produced 
in  the  common  way,  the  pattern  is  very  apt  to  spread  and 
become  irregular,  and  oftentimes  to  stain  the  white  ground, 
when  the  piece  comes  a  second  time  into  the  acetate  of 
alumina. 

The  most  expensive  kind  of  calico-printing  called  chintz- 
work  still  remains  to  be  described.  The  term  chintz-work  is 
descri()tive  of  that  kind  of  calico-printing  which  is  employed 
for  window-curtains  and  other  furniture,  and  it  differs  more  in 
the  richness  and  variety  of  the  colours,  than  in  any  other  cir- 
cumstance. 
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In  relating  the  process^  by  which  these  beautifal  prints 
are  produced,  I  shall  supf>ose  the  calico  to  be  already  proper- 
ly bleached  and  smoothed  ready  to  receive  the  impressions 
of  the  block.  The  first  thing  tnen  to  attend  to,  is  to  apply 
the  mordant  for  the  colour  which  is  intended  to  be  imparted 
in  the  first  instance.  Thus,  if  a  black  be  designed,  a  mordant 
of  acetate  of  iron,  commonly  called  iron  liquor,  is  thickened 
with  ^m,  and  printed  upon  the  cloth  in  any  pattern  that  may 
have  oeen  selected  for  the  purpose.  If  this  same  mordant 
be  diluted  with  water,  it  will  form  a  proper  mordant  for  a 
purple ;  and  the  same,  still  further  diluted,  will,  when  it  comes 
into  the  dyeing-copper,  form  a  lilac.  In  this  way,  all  the  va- 
rieties of  shades  from  a  pale  lilac  to  a  strong  purple,  and 
from  a  purple  to  a  black,  may  be  produced  by  acetate  of  iron 
diluted  witn  various  portions  of  water,  and  then  dyed  with 
madder. 

In  like  manner,  a  colourless  solution  of  acetate  of  alumina 
thickened  with  gum  or  flour-paste,  forms  a  mordant  for  dark 
red ;  if  diluted  with  water,  it  makes  a  common  red ;  and  by 
diluting  it  further  and  further,  every  shade  of  pink  may  be 
produced.  Again,  by  the  admixture  of  acetate  of  iron  and 
acetate  of  alumina,  a  mordant  for  chocolate  colours,  maroons, 
&c.,  is  formed,  either  approaching  to  the  purple  or  the  red, 
according  to  the  admixture ;  that  is,  according  to  the  propor- 
tion of  either  of  these  original  mordants  which  may  predomi- 
nate in  the  mixture. 

When  these  several  mordants  have  been  printed  upon  the 
calico,  they  are  allowed  to  dry  for  two  days  or  more  in  a 
stove,  or  drying-house ;  they  then  go  througn  the  operation 
of  dunging,  which  consists  in  rinsing  them  in  warm  water  in 
which  a  little  cow-dun^  is  diffused,  as  has  been  already  de- 
scribed. When  the  pieces  are  suflSciently  dunged,  which  is 
not  the  case  till  all  the  superabundant  mordants  are  removed, 
they  are  well  washed  in  clean  water,  and  then  boiled  in  a  de- 
coction of  madder,  until  the  madder-bath  is  exhausted.  In 
consequence  of  different  mordants  having  been  applied  to  the 
cloth,  this  one  boiling  in  the  madder-liquor  will  at  once  pro- 
duce all  the  colours  above  mentioned.  When  the  pieces  are 
thus  dyed,  they  are  to  be  rinsed  in  cold  water,  and  laid  upon 
the  grass  to  bleach.  By  this  exposure  to  the  air  for  a  few 
days,  the  whole  of  the  ground  to  which  none  of  the  mordants 
had  been  applied,  will  become  perfectly  white. 

The  processes  which  have  now  been  detailed,  will  produce 
what  is  called  common  chintz-work ;  but  if  it  be  desired  to 
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make  the  eoods  still  richer,  by  the  addition  of  yellows,  br^ht 
olives,  drabs,  &c.,  the  cloth  must  undergo  another  series  of 
operations,  which  may  be  thus  described : 

Upon  those  parts  of  the  calico  which  still  renvain  whit6, 
aiw  of  the  above  mordants  may  be  printed,  according  to  the 
effect  designed  to  be  produced ;  after  which,  all  the  preceding 
managements  are  to  be  repeated,  except  that  instead  of  boih 
ing  in  a  decoction  of  madder,  they  are  to  be  immersed  for 
about  half  an  hour,  more  or  less,  in  a  warm  decoction  of 
quercitron  bark,  (the  Quircus  nigra  of  Linneus,)  a  most  im- 
portant dye-wood,  introduced  by  Dr  Bancroft,  and  which  is 
found  to  five  out  a  much  brighter  colour  to  tqnd  water  than 
it  does  when  treated  with  boiling  water,  or  with  water  nearly 
approaching  to  that  temperature.  i 

The  effect  produced  upon  these  prints  by  an  immersion  in 
a  lukewarm  decoction  of  this  American  bark,  will  be  quite 
different  from  that  produced  by  the  madder ;  upon  those  parts 
of  the  cloth  where  the  mordants  have  been  printed  which  be- 
fore produced  a  black,  a  dark  olive  will  only  be  apparent ; 
and  instead  of  pompadours  will  be  drabs,  and  instead  of  reds 
we  shall  have  yellows,  which  will  vary  in  intensity  according 
to  the  strength  of  the  aluminous  morcKint. 

Again  :  a  further  variety  may  be  given  to  these  prints,  if 
the  yellow  mordant,  or  acetate  of  alumina,  be  applied  to  any 
of  tne  colours  which  have  already  been  dyed  with  madder ; 
but  this  must  be  done  before  the  pieces  are  immersed  in  the 
decoction  of  bark.  This  application  will  convert  the  reds 
and  pinks  into  different  shades  of  oranges,  and  the  lilacs  into 
cinnamon  colours.  By  means  of  these  different  processes,  an 
endless  variety  may  be  given  to  the  goods,  and  a  calico-print- 
er of  taste  will  never  be  at  a  loss  how  to  produce  a  pleasing 
effect,  whatever  may  be  the  patterns  which  he  has  to  imprint 
upon  the  cloth.  The  second  immersion  in  the  dying  vessel 
will,  however,  give  a  yellow  tinge  to  the  remainder  of  the 
whites,  but  a  short  exposure  on  the  grass  will  obliterate  it* 

When  chintz-furniture-prints  are  designed  to  have  as  much 
variety  of  colouring  as  possible,  a  part  of  the  remaining  white 
is  often  coloured  olue  or  green,  or  of  any  shade  between 
those  colours,  by  a  still  different  process*  This  is  done  with 
what  is  called  pencil-blue,  which  is  a  preparation  that  has 
already  been  described*  The  blue  is  given  by  putting  in  the 
prepared  indigo  with  a  pencil ;  and  the  green  is  produced  by 
pencilling  some  of  the  same  colour  over  certain  parts  of  the 
pattern  which  has  already  been  dyed  yellow. 
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When  these  colours  have  been  imparted,  the  printing  is  said 
to  be  finished,  and  the  pieces  are  hung  up  to  drj  for  at  least 
twenty-four  hours ;  after  which  they  are  rinsed  thoroughly  in 
cold  water ;  and  when  they  have  been  dried  with  care,  they 
are  properly  calendered  and  put  up  for  sale. 

Nothing  now  remains  but  to  notice  an  improvement,  which 
has  been  made  of  late  years  by  the  introduction  of  gtundxr- 
PRiNTiNG,  which  has  the  advantage  of  superior  accuracy  and 
neatness,  as  well  as  of  great  expedition.* 

The  machines  which  effect  this  are  rather  complicated,  and 
very  expensive ;  but  some  kind  of  work  cannot  be  produced 
at  so  cheap  a  rate  by  any  other  means.  They  are  so  con- 
trived that  the  cylinders  on  which  the  patterns  are  engraved, 
furnish  themselves  with  the  prepared  colour  during  their 
revolutions ;  their  surfaces  are  kept  clean  by  a  steel  knife,  or 
doctor,  as  it  is  called,  passing  over  them  the  moment  they  have 
charged  themselves  with  the  thickened  colour;  and  they 
have  such  a  pressure  given  to  them,  either  by  means  of 
screws  or  levers,  which  can  be  tightened  or  slackened  at 
pleasure,  that  the  whole  cylinder  is  made  to  deposit  its 
colouring  matter  with  the  greatest  certainty  and  exactness 
on  the  doth,  while  thb  rolls  over  it  in  succession,  from  one 
end  of  the  piece  to  the  other. 

These  cylinders,  which  are  made  of  copper,  are  from 
eighteen  to  forty-two  inches  in  length,  according  to  the  width 
of  tbe  calico  to  be  printed,  and  from  three  and  a  half  to  five 
inches  in  diameter ;  and  these  massy  rollers  have  the  patterns 
enchased  upon  their  surfaces,  in  the  same  way  as  a  pattern  is 
cut  upon  a  flat  plate  of  copper  that  is  intended  to  be  employ* 
ed  in  copper-plate  printing.! 

Many  of  these  machines  are  contrived  so  as  to  carry  two 
of  these  cylinders,  each  of  which  has  a  trough  of  colour  at* 
tached  to  it,  by  which  means  two  different  colours  may  be 
printed  on  the  same  calico,  at  one  and  the  same  time ;  and 
Mr  Adam  Parkinson  of  Manchester  has  invented  a  machine 


*  A  TUiety  of  obtemttloiit  on  the  printing  of  cnliooet  by  meant  of  the  cylinder, 
which  oiay  be  read  with  advantage  in  connexion  with  this  essay,  will  be  found  m 
Nicholson  8  4to  Journal,  vol.  i.  page  18. 

f  As  these  of  linden  an  made  with  plates  of  oopper  hammered  into  a  cticnlar 
ibrm  and  j<Mned  by  brazing,  great  loss  has  sometimes  been  sustained  by  the  engrav- 
ing giving  way  upon  the  'irazed joint  To  obviate  this,  a  patent  has  been  obtained 
for  boring  the  oopper  cylinder  nom  the  solid  metal  in  the  modern  way  of  borifig 
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capable  of  printing  at  one  time,  by  means  of  one  cvlinder, 
and  two  surface  rollers,  or  by  two  of  the  former  and  one  of 
the  latter,  three  distinct  colours. 

These  machines  have  not  only  the  excellence  of  printing 
more  correctly  than  can  possibly  be  done  by  means  of  the 
block,  but  the  saving  of  time  and  labour  which  they  afford  is 
great  indeed.  A  piece  of  calico,  which  would  take  a  man 
and  a  boy  three  hours  to  print  with  one  colour,  or  six  hours 
to  finish  with  two  colours,  may  by  this  means  be  printed  in 
three  minutes,  or  three  minutes  and  a  half,  and  the  work  will 
be  much  more  completely  done  than  could  even  have  been 
imagined  before  the  introduction  of  this  invention. 

Besides  these  cylinders,  there  are  others,  which  are  called 
SURFACE-MACHINES,  which  Contain  cylinders,  not  of  copper  but 
of  wood,  and  which  have  the  pattern  formed  upon  tneir  sur- 
faces in  relief,  exactly  similar  to  the  blocks  described  in  page 
239.  These  are  employed  in  particular  stales,  especially  on 
light  grounds,^  and  for  certain  kinds  of  resist  and  discharge- 
work. 

It  must  be  obvious  to  every  one  who  is  acquainted  with  the 
subject,  what  an  astonishing  mcility  these  machines  must  have 
afforded  to  the  oroduction  of  printed  calicoes ;  and  also  what 
an  advantage  tney  give  to  the  British  printer  in  foreign 
markets. 


Art.  XXXV.— On  the  Barometer.     By  J,  F.  Daniell,  F.  R.  S. 
[Jour.  Roy.  InstJ] 

[Concluded  iVoiA  pttge  2^.] 

I  NOW  feel  that  I  ought  not  to  allow  this  opportunity  to  pass 
without  making  a  few  observations  upon  the  new  meteorologi- 
cal register  lately  published  in  the  Philosophical  Transactions, 
I  jam  aware  that,  m  so  doing,  I  shall  run  the  risk  of  being 
again  designated  as  hostile  to  the  council  of  the  Royal  Socie- 
ty ;  but  I  am  encouraged  when  I  consider  that  it  is  only  by 
inferior  minds  that  the  correction  of  errors,  and  the  sugges- 


f  In  light  work,  the  white  grounds  are  apt  to  be  soiled  by  the  cylinders  :  hence 
surface-machines  were  contrived,  and  these  are  not  liable  to  the  same  ofaj^ctioB. 
Cjlinder-fflaclunes  are  more  commooly  employed  in  tiiose  ttylsfl  wfalcb  tn  UH  of 
colour  and  leave  but  Uitle  white. 
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don  of  improvements,  in  the  pursuits  of  science,  can  ever  be 
considered  as  acts  of  hostility. 

Great  expectations,  it  is  well  known,  were  raised  when  it 
was  announced  that  a  committee  had  been  appointed,  consist- 
ing  of  the  leading  men  of  science,  to  take  into  consideration 
the  st^te  of  the  meteorological  instruments  and  register  of  the 
Royal  Society.  I  do  not  besitate  to  affirm,  that  the  failure  of 
an  attempt,  about  this  time,  to  establish  a  society  to  promote 
the  science  of  meteorology  exclusively,  was  wholly  owing  to 
these  expectations.  Many  persons,  who  would  otherwise 
have  concurred  most  heartily  in  the  plan,  waited  to  see  the 
result  of  labours  which  they  doubted  not  would  effect  the  ob* 
ject  in  view ;  and  feared  that  the  new  society  might  bear  too 
much  the  features  of  opposition  :-*-as  if  any  thing,  which  had 
in  view  the  promotion  of  science,  could  be  considered  as  op- 
posed to  the  Royal  Society !  The  unusually-protracted  time 
of  the  publication  of  the  register  contributed  to  keep  alive 
these  expectations.  At  leneth,  in  the  beginning  of  the  year 
1825,  appeared  the  long-looked-for  journal  of  1823, — but  no 
report  nx>m  the  committee !  not  one  word  of  preface !  not  a 
syllable  about  the  instruments !  A  most  disheartening  simi* 
larity  in  the  appearance  of  the  arrangement  is  the  first  thing 
to  strike  the  eye ;  and  it  is  only  by  a  close  examination  that 
it  can  be  inferred  that  changes,  and  those  very  important 
changes,  have  been  made. 

The  register  is  divided  as  before  into  ten  columns,  and  the 
improvements  commence  with  the  first,  which  contains  the 
dates  of  the  month.  To  these  are  now  prefixed  the  signs  of 
the  planets,  to  denote  the  days  of  the  week!  The  alteration, 
at  all  events,  is  harmless ;  which,  I  fear,  is  more  than  can  be 
predicated  of  all  the  others.  From  the  second  column  we 
may  collect  that  the  times  of  observation  have  been  changed 
to  9  A.  M.  and  3  P.  M.,  except  not  a  few  instances,  in  which 
it  is  to  be  presumed  that  these  nours  did  not  suit  the  observer's 
convenience.  Why  the  change  was  made  is  left  to  conjecture. 
The  title  of  the  third  column  announces,  for  the  first  time, 
that  the  barometer  is  ^  corrected."  But  how  corrected  ?  Is 
it  the  instrument  itself  which  is  corrected  for  any  faults  in  its 
original  construction  ?  or  its  indications,  which  are  corrected 
for  adventitious  circumstances  ?  Is  it  corrected  for  capillari* 
ty  ?  for  temperature  ?  or  for  any  variation  in  the  level  of  the 
mercury  in  its  cistern  ?  If  it  be  a  new  barometer,  is  it  of  the 
siphon  or  cistern  construction.  If  of  the  latter,  what  are  the 
relative  ctpacities  of  its  lube  and  cistern  ?  what  the  diameter 


348  MtDoMI  en  At  BormMknt. 

of  its  tube  ?  Ib  there  an j  and  what  difierence  between  \\» 
indications,  and  those  of  the  old  instrument?  A  comparisoB 
of  the  utmost  moment.  The  only  criterion  by  which  we 
may  conjecture  that  a  new  instrument  has  been  substituted 
for  the  old  one  is,  that  the  height  is  now  registered  to  thous- 
andths instead  of  hundredths  of  an  inch.  But  will  it  be  be- 
lieved that  the  council  of  the  Royal  Society  would  suffer  such 
gross  negligence  to  appear  not  only  under  the  sanction  of 
their  ^  order,^  but  after  all  the  pomp  and  circumstance  of  a 
ccHnmittee  specially  appointed  to  superintend  the  necessary 
arrangements  ?  The  fourth  and  fifth  columns  contain  the  in- 
dications of  the  thermometers.  The  latter  is  headed  ^  Ther^ 
mometer  Without.^  ^  Whence,  I  presume,  it  is  fair  to  infer  that 
the  other  is,  as  before,  ^'  Thermometer  Within.''  And  yet 
this  is  entided,  in  some  places,  ^^  Six's  Thermometer^"  and  in 
others,  ^^  Register  Thermometer/'  And  we  are  told  in  the 
first  note,  **  Six's  thermometer  deranged,  and  a  horizontal 
register  thermometer  substituted  for  it."  But  then  what  does 
it  register  ?  There  is  but  one  observation  in  the  day  record- 
ed ;  It  cannot  be  the  masQirmim^  because  in  many  cases  the 
^'  Thermomet^  Without "  .is  hiffher.  It  cannot  surely  be  the 
fmnimum^  for  who  would  take  tnat  from  an  interior  thermom- 
eter ?  However,  before. three  months  have  elapsed,  note  the 
second  informs  us,^^  Register  Thermometer  deranged."  Then 
comes  an  hiatna  vMe  dtflendus  of  a  month,  and  we  return 
once  more  to  Six's  thermometer  ^nd  two  observations  per 
day — but  how  repaired,  and  where  placed,  we  are  not  in- 
formed. 

The  sixth  column  is  entided  ^^  Daniell's  Hygrometer,"  and 
contains,  I  presume,  though  nobody  but  mysdf  is  bound  to 
coinecture  this,  the  dew-point. 

The  seventh  column  records  the  ^  degrees  of  moisture,"  bat 
whether  calculated  from  the  same  instrument,  or  from  any 
other  hygrometer,  is  not  stated.  If  from  the  former,  the  situ- 
ation of  the  thermometer  b^  which  the  calculation  is  made 
should  have  been  most  particularly  determined. 

The  eighth  column  contains  the  register  of  the  rain;  and 
from  the  greater  frequency  with  which  the  amount  has  been 
lately  entered,  we  may  conclude  that  the  soot  from  the  old 
chimney-cowl,  under  which  the  gauge  is  situated,  is  more  fire- 
quently  removed  from  the  pipe  than  it  used  to  be. 

The  ninth  and  tenth  columns,  recording;  the  direcdon  and 
force  of  the  wind,  bear  every  mark  of  their  former  accura- 
cy ;  and  the  only  remarkable  fact  is  the  very  rare  occur- 
rence of  any  variation  of  the  strength  from  the  standard  1 . 
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The  eleventh  and  last  column  rings  meet  edifying  changes 
upon  "  rain,"  "  cloudy,"  "  fine." 

The  results  of  all  this  labour  are  summed  up  at  the  end  of 
the  journal  in  one  short  table,  containing  the  means  and  ex- 
tremes of  the  months,  and  the  mean  results  of  the  year.  From 
what  data,  or  from  what  part  of  the  register,  the  means  of 
temperature  are  collectea,  it  is  very  dimcult  to  conjecture. 
From  the  note  at  the  foot  of  the  last  page  we  learn  that  the 
barometer  is  now  100  feet,  instead  of  81,  above  the  level  of 
low  water  spring^tides  at  Somerset^House ;  and  that  the  rain- 
gauge  is  stiil  114  feet  above  the  same  level ;  but  by  some 
chance  or  other,  six  inches  nearer  the  ground  than  before. 

The  importance  which  attaches  to  such  minutiae  as  these, 
when  undertaken  by  such  a  body  as  the  Royal  Society,  can- 
not be  better  illustrated  than  by  a  circumstance  which  has 
lately  been  discovered,  in  determining  the  length  of  the  sec- 
onded pendulum ;  a  measure  upon  which  depend  all  the  late 
parliamentary  proceedings  for  regulating  the  weights  and 
measures  of  the  united  kingdom. 

-  The  council,  by  whose  orders  the  height  of  the  barometer 
above  the  level  of 'the  tide  was  determined,  little  foresaw  at 
the  time  that  this  simple  operation  could  have  any  reference 
to  proceedings  of  such  importance;  and  yet  hear  what  Cap- 
tain Sabine  says. 

^  The  height  of  the  pendulums  in  Mr  Browne's  house,  in 
London,  being  here  described  as  92.5  feet  above  the  level  of 
the  sea,  whilst  in  Capt.  Kater's  memoir  in  the  Philosophical 
Transactions,  it  is  stated  to  be  83  feet  only ;  it  is  necessary  to 
explain  that  Capt.  Water's  estimation  of  the  height  was 
founded,  in  part,  on  the  understanding  {on  the  authority  of  the 
Royal  Societjf)  that  the  elevation  of  their  barometer  at  Somer- 
set-House is  8 1  feet  above  Um-wattr  mark ;  but  as  the  latter 
elevation  has  been  since  corrected  by  Mr  Bevan,  who  has 
determined  it,  by  levelling,  to  be  90.5  feet  above  the  mean 
Uvtlj  the  height  of  the  pendulums  must  now  be  considered  as 
92.5  feet,  and  is  so  esteemed  by  Capt.  Kater."* 

The  same  national  work  is  also  much  affected  by  the  want 
of  such  standard  instruments  as  it  is  the  appropriate  province 
of  the  Roval  Society  to  provide  and  preserve.  Is  it  to  be 
tolerated  that  results  of  such  national  importance  should  be 
made  to  depend  for  their  verification  upon  a  comparison  with 

*  Experiments  for  detennining  the  figure  of  the  Earth.    By  Edward  Sahioe,  Sec. 
p.  343. 
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a  thermometer,  the  property  of  a  private  individual  ?  The 
uncertainty  in  the  experiments  arising  from  such  a  cause  may, 
according  to  Captain  Sabine,  amount  to  ^^  not  less  than  T^^ths 
of  a  vibration  per  diem ;  being  greater,  as  he  had  reason  to 
believe,  than  the  sum  of  the  uncertainties  due  to  all  other 
causes  whatever."* 

Surely  these  considerations,  urged  from  so  many  quarters, 
must  at  length  excite  the  dormant  energies  of  those  to  whom 
the  honour  of  the  Royal  Society  is  committed.  If  it  be  more 
consistent  with  the  dignity  of  that  venerable  body  to  give  up 
the  working  departments  of  science,  and  to  sit  as  judges  only 
of  the  exertions  of  others,  let  them  announce  such  intention 
openly,  and  there  will  then  be  many  come  forward  in  the 
field  from  which  they  retire*  In  most  branches  of  science 
this  is  the  course  which  has  been  already  adopted ;  and  yet 
they  have,  perhaps,  enough  to  do  as  impartial  dispensers  of 
those  honours  for  which  there  are  so  many  competitors.  But 
if  they  are  still  determined  to  persevere  in  causing  observa- 
tions to  be  made  "  by  their  order,"  in  the  only  branch  of 
natural  science  which  now  remains  to  them,  let  them  at  least 
provide  that  they  be  made  with  all  the  care  and  precision 
which  the  actual  state  of  that  science  demands ;  for  upon  this 
the  honour  of  the  Society  is  at  stake. 


Art.  XXXVL— Jtfr  Children's  Summary  View  of  the  Jltomic 
Theory  according  to  the  Hypothesis  adopted  by  M.  Berzelius* 
[Ann.  Phil.'] 

(Concluded  from  page  371.) 

The  symbols  of  organic  atoms  are  denoted,  like  the  inor- 
ganic, by  the  respective  initial  letters  of  the  Latin  names  of 
the  substances,  but  are  distinguished  from  the  latter  by  a  line 

drawn  above  the  letter.    Thus  A  =  acetic  acid,  C  =  citric 

acid,  T  =  tartaric  acid,  &c.  So  much  for  the  symbols.  That 
they  are  on  the  whole  ingeniously  contrived  we  do  not  mean 
to  deny,  but  that  they  are  necessary  or  useful  we  are  much 
•disposed  to  question.   At  all  events  tney  should  be  consistent 

*  Experiments  for  determiiuDg  the  figure  of  Uie  I^artb.    By  Edward  Sabine,  && 

p.  las. 
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with  themselves,  and  the  anomaly  which  wc  have  pointed 
out  between  the  sulphates  and  silicates,  should,  as  it  very 
easily  might,  be  done  away.  If  a  cipher  be  required,  the  key 
should  be  constant,  and  apply  equally  to  every  part  of  it ;  but 
there  are  in  our  opinion  many  and  serious  objections  to  the 
adoption  of  symbols  at  all.  In  the  first  place  it  requires  great 
care  to  write  them  torrectly,  for  a  single  error  may  wholly 
pervert  the  meaning  of  a  formula,  and  the  consequence  of 
such  an  error  is  the  more  serious,  because  it  cannot,  as  in 
common  language,  be  readily  detected  and  corrected  by  the 
context.  The  errors  of  the  press  too  are  more  likely  to  es- 
cape notice,  and  thus  this  species  of  danger,  from  inaccuracy 
or  inattention,  becomes  doubled. '  Much  habit  is  required 
both  in  writing  and  reading  the  symbols,  as  well  as  consider- 
able application  to  become  so  familiar  with  them  as  instantly 
to  comprehend  their  meaning,  especially  of  the  more  compli- 
cated formulae ;  and  after  all,  what  is  the  great  benefit  they 
are  supposed  to  confer?  A  brief  and  easy  method  of  stating 
the  exact  composition  of  all  chemical  compounds.  For  the 
brevity,  it  is  more  than  counterbalanced  by  the  risk  of  error; 
for  the  facility,  it  requires  considerable  study  to  learn  to  do 
that  in  one  way  which  every  body  knows  how  to  do  in  anoth- 
er without  any  study  at  all.  But  it  expresses  the  exact  com- 
position of  every  substance  in  all  its  minutiae — the  number  of 
atoms  of  bases  and  acids,  of  the  electro-positive  and  electro- 
negative elements — and  they  are  too  complicated  to  be  ex- 
pressed in  common  language  without  a  tedious  multiplication 
of  words.  They  do  indeed  express  the  exact  composition 
assigned  to  the  various  compounds  by  the  hypothesis  of  Ber- 
zelius ;  but  may  not  all  those  compounds  be  reduced  to  much 
simpler  forms,  and  consequently  the  necessity  for  expressing 
them  by  this  short-hand  character  be  done  away  with?  We 
shall  try  this  question  most  fairly,  by  comparing  the  results 
of  two  or  three  analyses  calculated  on  Berzelius's  system, 
and  on  the  more  simple  views  adopted  in  this  country ;  and 
for  this  purpose  we  may  take  some  of  those  copied  from  Beu* 
dant  in  the  preceding  pages,  and  first  that  of  a  variety  of  em- 
erald (see  p.  263).    The  weight  of  an  atom  of 

Silica =  16 

Alumina .as  17^ 

Glucina =  26 

*  The  weighu  of  the  atoms  are  firom  Philips**  table,  except  that  of  aluminay  which 
we  take  from  Berzeliui  for  the  reasons  given  in  the  note,  (p.  269.) 
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Proceeding  on  the  principles  already  explained,  we  obfain 
the  following  quotients  by  dividing  the  quantity  of  each  sub^ 
stance,  as  found  by  the  analysis,  by  its  proper  atom. 

Atoms. 

^=429  =  8  of  silica. 
^^=105=:2of  alumiiuw 
^s   51 « 1  of  glociaa. 

The  sum  of  all  the  atoms  ==  188,*  and  by  the  rule  of  sim- 
ple proportion,!  we  find  the  theoretical  composition  of  the 
mineral  to  be  per  cent. 

Silica eM9 

Alumina 18*09 

Glucina . 13-88 

lOtHX) 
Analysis  of  zoisite  (p.  264.)  The  atom  of  lime  =  28. 

Atomi. 
^«  268     3  of  silica. 

^=194  =  2  of  alumina. 

^=    85=1  of  lime. 

The  sum  of  the  atoms  therefore  =110,  and  the  theoreti- 
cal  composition  of  zoisite  is, 

SiUca 43-63 

Alumina 30*90 

Lime 25-45 

99-96 

It  is  needless  to  multiply  instances,  as  any  analyses  com- 
pared in  the  same  way  must  obviously  eive  the  same  results. 

Thus  we  see  that  all  the  complicatea  statements,  and  still 
more  complicated  reasonings,  on  which  they  are  founded,  of 
which  we  have  given  examples  in  the  preceding  pages,  may 
be  just  as  well  expressed  with  much  greater  simplicity,  and 
that  the  simple  statements  equally  furnish  us  with  a  test  of 
the  accuracy  of  our  analyses*    Our  after  reasonings  as  to 

•  16  X  8  =  128 

17x2=    34 
26         s=   26 

186 

1 188  :  128  : :  IQQ  : «,  and  sc  cs  GS'Q9,  and  bo  mih  the  other  atoms. 
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the  mode  Id  which  the  elements  are  severally  united  in  the 
actual  mineral,  however  probable,  can  only  be  conjectural, 
and  we  are  just  as  likely  to  form  a  correct  estimate  on  the 
simplest  as  on  the  most  elaborate  system*  What  good  purpose 
then  do  these  complicated  statements  answer  ?  £k>  they  teach 
us  more  accurately  the  true  constitution  of  mineral  substances, 
or  the  mode  in  whicirtheir  elements  are  combined  ?  We  can- 
not perceive  how.  They  do  indeed,  as  we  have  said  of  the 
formulae,  give  a  detailed  view  of  their  author's  hypothesis, 
but  do  they  therefore  prove  its  siccuracy  ?  It  seems  to  us  to 
be  reasonmg  in  a  circle.  The  formulae  are  made  for  the 
hypothesis,  and  the  hypothesis  supports  the  formulae;  but 
what  arguments  can  be  deduced  from  both  together  to  render 
it  more  probable  that  alumina  and  silica  contain  3  atoms  of 
oxygen,  and  lime,  baryta,  &c.  3,  than  that  each  of  those  sub- 
stances is  composed  of  1  atom  of  base  and  1  of  oxygen  ?  In 
point  of  fact,  both  views  come  to  the  same  thing;  for  if  we 
assuDfie  lime  to  contain  3  atoms  of  oxygen,  the  weight  of  the 
atom   of  the  base  (as  stated  above)   must  necessarily  be 

doubled,^  so  that  in  reality  whether  we  represent  sulphate  of 

•  •••        ♦•    ••• 

lime  by  the  formula  C  S,  or  Ca  S*,  we  equally  express  a 
triple  ratio  of  the  oxygen  of  the  acid  to  that  of  the  base,  and 

so  in  all  other  cases  ;  for  Al  S  =  Al  S'.  The  adoption  of 
the  latter  formula,  tl;ierefore,  is  as  if  one  should  expect  to 
approach  nearer  to  the  truth  of  a  proportion  by  writing 
999  :  666,  instead  of  3  :  2. 

But  perhaps  it  may  be  argued  that  the  hypothesis  presents 
a  correct  view  of  the  analogies  subsisting  between  all  oxidat- 
ed bases,  and  enables  us  to  arrange  them  in  separate  orders 
according  to  certain  characteristic  properties  oy  which  the 
oxides  01  one  order  may  be  distinguished  from  those  of 
another.  The  observations  of  M.  Mitscherlich  seem  to  dem- 
onstrate that  such  distinct  orders  actually  exist,  and  as  the 
subject  is  both  curious  and  important,  and  because  we  would 
not  willingly  suppress  any  argument  that  may  appear  favour- 
able to  the  hypotnesis,  we  shall  dwell  a  little  upon  it,  although 
this  paper  has  already  exceeded  the  limits  we  had  originally 
prescribed  for  it. 

We  have  another  motive  also  for  doing  so.  We  know  that 
one  of  the  first  crystallograpl\ers  of  the  present  day*  thinks 
fayourably  of  M.  Mitscherlich's  theory,  and  our  respect  for 

*  M.  Levy* 

Bo8t.  Jour.  April  fy  May,  1826.  45 
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his  opinion  would  alone  induce  us  to  treat  it  with  attention,  ft 
would  give  us  great  pleasure  if  that  gentleman  would  take  up 
the  subjeet,  and  correct  any  errors  that  either  ourselves  or 
others  may  have  fallen  into  concerning  it. 

M.  Mitscherlich  observed  that  certain  bases,  saturated 
with  the  same  acid  to  the  same  degree,  affect  the  same  crys- 
talline forms,  and  that  lime,  magnesia,  and  the  protoxides  of 
iron  and  manganese  compose  in  tnis  manner  one  class  of  what 
he  has  called  isamorphous  bases ;  while  alumina  and  the  per^ 
oxides  of  iron  and  maneanese  form  another.  He  showed  also 
that  isomorphous  salts  nave  the  property  of  crystallizing  to- 
gether, concurring  in  an  uniform  manner  in  the  formation  of 
one  and  the  same  crystal.  M.  Mitscherlich  supposed  that  the 
primary  forms  presented  by  isomorphous  bases  are  really 
identical,  and  that  this  identity  necessarily  results  from  a  simi- 
larity in  their  atomic  constitution,  that  is,  in  the  proportions 
of  oxygen  contained  in  the  elements  of  the  isomorphous  crys- 
tals; and  that  wherever  this  atomic  similarity  exists,  identity 
of  crystalline  form  will  always  be  the  result.  Thus  he  says 
the  oxygen  in  the  phosphorous  and  arsenious  acids  is  to  that 
in  the  phosphoric  and  arsenic  acids  as  3  :  5.  In  the  biphos^ 
phate  and  binarseniate  of  potash,  the  oxygen  of  the  base  is  to 
that  of  the  acids  as  1  :  6,  and  to  that  of  the  water  of  crys- 
tallization as  1  :  3. 

Hence  the  only  difference  between  these  salts  consists  in 
the  radicle  of  the  acid  of  one  of  them  being  phosphorus, 
and  that  of  the  other  arsenic;  and  all  the  salts,  which  differ 
only  in  this  manner,  are  said  to  present  identical  crystalline 
forms. 

Berzelius  has  made  considerable  use  of  Mitscherlich's  hypo- 
thesis to  bring  together  as  one  species  all  the  varieties  of  gar- 
net, as  well  as  those  of  amphibole,  mica,  and  several  other 
minerals ;  and  in  vol.  ix.  New  Series,  p.  70,  of  the  Annah  of 
Pkilo8<phy^  our  readers  will  find  an  abstract  from  Wachtmeis- 
ter^s  paper,  in  the  Swedish  Transactions,  containing  a  de- 
scription and  analysis  of  13  varieties  of  garnet,  all  of  which, 
with  only  one  exception,  proved  to  be  constituted  of  an  atom 
of  a  silicate  of  a  base  containing  3  atoms  of  oxygen,  as  alu- 
mina and  peroxide  of  iron,  combined  with  an  atom  <^  a  sili^ 
cate  of  a  base  containing  3  atoms  of  oxygen,  as  lime,  mag- 
nesia, protoxide  of  iron,  and  protoxide  of  manganese. 

M.  Beudant  has  the  following  remarks  on  the  same  subject. 
After  observing  that  it  is  scarcely  possible  to  obtain  artificial 
salts  in  a  state  of  purity  by  crystaluzation  from  a  liquid  hold- 
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ing  several  salts  in  solution,  unless  they  differ  very  materially 
in  point  of  solubility,  in  which  case  they  crystallize  in  suc- 
cession, one  after  the  other,  he  says,  "  if  on  the  contrary  they 
are  nearly  equally  soluble,  they  all  mix  together  in  greater  or 
less  proportion,  and  not  one  of  them  will  be  pure.  These 
mixtures  often  happen  indifferently  with  every  species  of 
salts,  so  that  they  appear  to  be  the  mere  effect  of  chance,  and 
in  that  case  the  extraneous  portion  is  always  in  very  small 
quantity.  But  mixtures  occur  under  certain  circumstances 
which  It  is  very  important  to  understand,  and  may  then  take 
place  in  all  sorts  of  proportions,  wherefore  sometimes  no  par- 
ticular ingredient  sensibly  predominates.  In  general  it  is 
observed  that  salts  of  the  same  order  of  composition  unite 
most  readily,  especially  when  they  have  nearly  similar  crys- 
talline forms.  Thys  all  the  species  of  alum  have  such  a  ten- 
dency to  mix  together,  that  it  is  extremely  difficult  to  counter- 
act it,  and  they  cannot  be  completely  separated  when  once 
united,  even  by  repeated  crjrstallizations.  Mixtures  of  the 
same  kind  occur  oetween  nitrate  of  baryta  and  nitrate  of 
lead ;  between  the  nitrates  of  potassa  and  soda ;  and  the  sul- 
phates of  iron,  cobalt,  nickel,  &c. ;  also  between  the  sulphates 
of  zinc,  soda,  and  magnesia,  &c.  &c.  These  mixtures  not 
only  occur  when  a  solution  contains  merely  the  salts  of  the 
above-mentioned  groups,  but  if  a  great  number  of  salts  be 
dissolved  in  the  same  liquid,  they  will  form  by  preference,  so 
that  it  may  be  said  that  salts  belonging  to  the  same  order  of 
composition,  seek  each  other,  as  it  were,  to  crystallize  togeth- 
er, and  mix  in  every  proportion. 

^  In  the  case  of  the  mixture  of  different  salts  of  the  same 
formula,  it  is  observed  that  the  crystalline  forms  are  not  sen- 
sibly affected,  for  such  salts  have,  if  not  identical  forms,  at 
least  forms  of  the  same  kind,  and  very  nearly  allied  with 
respect  to  their  angles ;  as  was  first  observed  by  M.  Mitscher- 
lich.  Hence  we  can  imagine  that  at  the  moment  of  their  be- 
coming solid,  a  certain  number  of  the  molecules  of  one  salt 
may  be  substituted  for  those  ot  another  without  occasioning 
any  irregularity  in  the  crvstallization.  This  identity  of  for- 
muliB  is  not  onnr  observed  between  salts  with  the  same  acid, 
and  having  different  bases  of  the  same  degree  of  oxidation, 
but  also  between  salts  of  the  same  base,  or  bases  of  similar 
deCTees  of  oxidation,  that  have  different  acids  of  the  same 
order  of  composition.  Whence  it  results  th^t  not  only  salts 
of  different  bases  have  analogous  forms,  more  or  less  nearly 
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allied,  but  also  that  salts  having  different  acids  are  aimilarly 
circumstanced."* 

^^  Mixtures  of  substances  belonging  to  the  same  formula  of 
composition  are  also  extremely  frequent  -  in  nature  both  in 
simple  and  multiple  compounds ;  but  as  we  cannot  in  this 
case,  any  more  than  in  that  of  artificial  salts,  separate  at  will 
the  immediate  principles  of  these  bodies,  it  is  only  by  the 
consideration  of  their  analyses  that  we  can  arrive  at  a  knowl- 
edge of  those  mixtures.  Now  by  this  consideration,  we  find 
in  the  simple  compounds,  that  such  or  such  an  oxide  is  re- 
placed by  such  or  such  another  belonging  to  the  same  order 
of  composition.  For  instance,  in  stones  accidentally  coloured 
by  a  combined  oxide,  we  find  that  the  colouring  principle  is 
some  oxide  which  replaces  either  that  which  serves  as  base, 
or  that  which  plays  the  part  of  an  acid.  Xhus  in  the  silicates 
with  base  of  lime,  or  the  bioxide  of  calcium,  the  colouring 
matter  is  frequently  the  bioxide  of  iron,  and  its  quantity  is 
such,  that  its  oxygen  is  precisely  equal  to  that  of  the  lime 
that  is  wanting.  It  follows  that  the  sum  of  the  oxygen  of  the 
lime,  plus  that  of  the  bioxide  of  iron,  is  exactly  equal  to  the 
quantity  of  oxygen,  which  the  lime  would  contain  in  the  pure 
colourless  silicate.  In  silicates  with  base  of  alumina,  or  the 
trioxide  of  aluminium,  the  colouring  matters  are  the  trioxide 
of  iron,  the  trioxide  of  manganese,  &c.  sometimes  both ;  and 
their  quantity  is  such  that  their  oxygen  is  equal  to  that  of  the 
deficient  alumina. 

^^  In  multiple  compounds,  one  or  other  of  the  immediate 
principles  is  often  replaced  by  one  or  more  principles  of  the 
same  formula,  whose  quantity  varies  indefinitely  in  different 
analyses,  but  is  always  such  that  its  oxygen  is  equal  to  that 
of  the  principle  replaced :  hence  if  we  take  on  the  one  hand 
the  oxygen  contained  in  the  common  acid,  and  on  the  other 
the  sum  of  the  quantities  of  oxygen  contained  in  the  bases, 
we  obtain  numbers  which  are  precisely  in  the  same  ratio  to 
each  other  that  they  would  be  if  the  compound  were  perfect- 
ly pure.  We  are  even  led  to  the  knowledge  of  cases  in 
which  one  of  the  immediate  principles  is  replaced  by  another 
with  a  totally  different  acid,  the  base  either  remaining  the 
same,  or  being  itself  different.  Thus  silicates  of  lime  are  re^ 
placed  by  aluminates  of  the  same  base,  or  by  aluminates  of 
bioxide  of  iron,  &c."t 


*  Tnhe  Elementaire,  Sec  p.  244. 
i  Ibid.  p.  248. 
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M.  Beodant  then  goes  on  to  illustrate  the  preceding  obser- 
vations by  examples,  and  gives  a  sort  of  receipt  for  makinc 
garnets,  or  rather  endeavours  to  show  how  one  compounded 
of  many  elements  may  be  divided  into  several  others  of  more 
simple  composition. 

We  shall  quote,  with  some  abridgment,  his  first  example. 

^^  There  are  garnets  obviously  of  the  following  compo- 
sition. 

Silica 41  containing  oxygen  2060  or  2  atoms. 

Aluinina    ...  22  10-27      1 

Lime 37  10-39      1 

100 

which  indicates  2  atoms  of  silicate  of  alumina,  plus  1  atom 
of  silicate  of  lime ;  and  a  series  of  direct  analyses  presents 
a  multitude  of  other  results  that  can  only  be  explained  by 
calculating  them  on  the  atomic  system.  Thus  the  connexion 
between  the  following  analysis  and  the  preceding  is  by  no 
means  obvious. 

Silica 37-00  eontaining  oxygen  18-61 

Alumina 13-50  6-30 

Lime 29O0  814 

Magnesia 6*50  .2*51 

Trioxide  of  iron 7-50  2-30 

Trioxide  of  manganese    4*75  1*41 

96-25 

"  If  we  collect  the  oxygen  of  the  bases  of  the  same  order, 
namely,  the  alumina,  trioxide  of  iron,  and  trioxide  of  manga- 
nese, on  the  one  hand,  and  that  of  the  lime  and  magnesia  on 
the  other,  we  find  that  the  quantities  of  oxygen  in  the  acid 
and  bases  are  not  far  from  the  ratio  of  2, 1  and  1,  consequent- 
ly the  new  garnet  very  nearly  harmonises  with  the  former. 

"  Further  to  illustrate  our  analysis,  let  us  insulate  each  of 
the  species  of  garnet  contained  in  the  mixture.  If  we  em- 
ploy the  trioxide  of  iron,  to  make  a  melanite  garnet  (enfai- 

sunt  un  grenat  melanile)  of  the  formula  2  F  Si  -|-  Ca'  Si",  we 
must  take  a  quantity  of 

Trioxide  of  iron,  whoee  oxygen  =  2-8  corresponds  to  7-50 

Silica 4-6  9-14 

Lime 2*3  8*19 

24-83 
''  There  remains  a  portion  of  lime  whose  oxygen  is  5*84, 
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with  which  we  may  make  a  grossular  garnet  (dont  en  fuut 
faire  un  grenat  grossulaire)  of  the  formula  2  A  Si  +  Ca*  Si*, 
by  taking  a  quantity  of 

Silica,  whose  oxygen  =  11-68  corresponds  to  23-22 

Alumina 5-84  12-50 

Lime 5-84  2079 

56-51 

"  There  then  remains  a  quantity  of  silica  whose  oxygen  is 
2*33,  and  to  use  it  up  {pour  Pemployer)^  we  may  first  make  a 
garnet  of  alumina  and  magnesia  {on  pent  faire  d^abord  ^^SJ^ 

nat  d^alumine  ti  magnisie)  of  the  formula  2  A  Si  +  M'  Si', 
by  taking  a  quantity  of 

Silica,  whose  oxygen  =  092  corresponds  to  1*83 

Alumina 0-46  0-98 

Magnesia 0-46  1-19 

4-00 
"  Lastley,  we  shall  make  of  the  remainder  {onfera  dureste) 

a  garnet  of  manganese  and  magnesia,  of  the  formula  2  Ma  Si 

••     ••• 

+  M'  Si',  by  taking  the  residual 

SSica,  whose  oxygen  =  1*41    corresponds  to  2*80 
Trioxide  of  magnanese  0-705  2*38 

MagnesU 0-705  1-82 

7-00 

^  All  these  products  subtracted,  there  only  remains 

Trioxide  of  manganese 2*38 

Mangnesia 3-47 

5*85 

which  ma;f  be  rec^arded  as  merely  in  the  state  of  mixture  f 
and  of  which  M.  Beudant  cannot  make  any  thing  further.  He 
continues, 
^'  Thus  we  see  that  the  garnet  in  question  contains 

Melanite  garnet 24.83 

Calcareous  garnet 56*51 

Aluminous  and  magnesian  garnet  .  .  4*00 
Manganesian  and  magnesian  ffamet  7*00 
Trioxide  of  manganese  (mixea)  .  .  .  2*38 
Magnesia  (mixea) 3*47 

9819" 
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This  is  takii^  a  peep  into  Nature's  workshop  with  a  ven- 
geance, and  it  is  really  a  pity  that  all  the  elements  of  the 
analysis  could  not  be  worked  up;  quite  provoking  that  Na- 
ture should  have  employed  nearly  six  per  cent*  of  matter  in 
her  way  of  making  a  garnet,  more  than  M.  Beudant  wanted 
for  h%8^  and  still  more  so  that  all  the  elements  should  be  in 
exact  definite  proportion  in  the  first  compound,  and  not  in  the 
last,  so  ingeniously  dished  up  from  the  several  ingredients  of 
melanite,  grossular,  &c.  &c«  into  this  garnet  olio !  Other 
similar  examples  are  given  from  the  analvsis  of  axinite  and 
amphibole,  but  the  reader  will  probably  think  the  preceding 
quite  sufficient. 

M.  Beudant  concludes  the  chapter  by  observing,  that  the 
above  method  of  discussing  the  analyses  of  minerals  is  the 
only  way  to  form  a  clear  idea  of  their  composition — every 
other  mode  of  looking  at  them,  he  says,  ^Meads  merely  to 
vague  ideas,  or  rather  leads  to  nothing  at  all.  The  common 
plan  of  giving  the  weights  of  the  insulated  ingredients  gener- 
ally presents  only  a  parcel  of  incoherences,  and  it  is  this  bad 
method  that  has  so  long  prevented  the  immediate  application 
of  chemical  researches  to  mineralogy,  by  concealing  all  the 
advantages  that  may  be  derived  from  them.''  We  strongly 
suspect  we  shall  adhere  to  the  had  method^  notwithstanding. 

With  respect  to  the  term  isomorphous^  M.  Beudant  very 
properly  remarks,  that  it  cannot  be  received  in  a  rigorous 
sense,  and  that  it  frequently  merely  indicates  a  very  strong 
analogy,  the  forms  of  substances,  said  to  be  isomorphous, 
difiering  only  very  slightly  in  the  measurements  of  their  cor- 
responding ancles. 

The  late  M.  Hauy  was  not  a  convert  to  the  new  views 
adopted  by  MM.  Mitscherlich  and  Berzelius.  After  stating 
their  ideas  respecting  pyroxene,  he  says,*  "  they  were  not 
led  to  these  conclusions  by  direct  observations  on  the  differ- 
ent silicates  contained  in  the  pyroxenes,  but  deduced  them 
from  observations  made  by  M.  Mitscherlich  on  different  sub- 
stances obtained  separately  by  chemical  processes  and  com- 
Kunds  of  different  bases  combined  with  the  same  acid." 
.  Mitscherlich  has  quoted  three  crystallized  substances 
found  in  nature  as  analogous  to  those  he  obtained  artificially, 
namely,  the  sulphates  oflead,  baryta,  and  strontita.  ^  These 
analogous  compounds,"  observes  M.  Haiiy,  ^^  of  three  bases 
combined  with  the  same  acid,  should  have  the  same  primitive 


•  Tnite  de  Mineralogie,  Second  Edition,  p.  89. 


360  Mr  Children's  Summary  View  of 

form,  and  M.  Mitscherlich  without  doubt  has  examined  closely 
into  the  matter  to  satisfy  himself  if  this  example  be  favour* 
able  to  his  views.  The  fact  is  obviously  otherwise.  The 
primitive  form  of  sulphate  of  lead  is  a  rectangular  octohe- 
dron,  and  consequently  incompatible  with  that  of  sulphate  of 
baryta  and  sulphate  of  strontita,  which  is  a  right  rhomboidal 
prism.  Moreover  the  angles  and  dimensions  of  this  prism 
differ  obviously  in  the  two  species,  the  angles  of  the  base 
in  the  sulphate  of  baryta  being  101°  32^  and  7ft'*  28',  and  in 
sulphate  of  strontita  104*  28'  and  75**  12'. 

^  M.  Mitscherlich  has  not  been  more  fortunate  in  the  iden- 
tity of  form  which  he  fancies  he  has  discovered  between  two 
otner  natural  substances,  whose  composition  has  nothing  in 
common,  namely,  sulphate  of  copper  and  axinite.  The  three 
angles  which  measure  the  incidences  of  the  faces  of  the  par- 
allelopipedons,  the  primitive  form  of  those  two  substances, 
are,  for  the  sulphate  of  copper,  the  first  124®  2' ;  the  second 
128°  37';  and  the  third  is  109°  32^;  whilst  for  axinite  two 
are  right  angles,  and  the  third  is  101°  30^.  Such  are  the 
contrasts  which  M.  Mitscherlich  takes  for  characters  of  iden- 
tity« 

The  form  of  the  crystals  of  sulphate  of  magnesia  and  sul* 
phate  of  zinc  is,  according  to  Haiiy,  a  right  prism  with  a 
square  base,  terminated  very  commonly  by  a  right  quadran- 
gular pyramid.  M.  Mitscherlich  quotes  them  as  ^^  another 
example,  but  the  angle,"  says  Haiiy,  "  formed  by  two  of  the 
faces  of  the  pyramid  taken  on  two  opposite  sides  is  about  10^ 
greater  in  the  sulphate  of  magnesia  than  in  the  sulphate  of 
zinc. 

"  Moreover,  how  is  it  that  the  results  announced  by  Mr 
Mitscherlich,  are  on  every  side,  in  contradiction  to  those 

{)resented  by  natural  productions,  as  if  aflSnity  played  a  dif- 
erent  part  in  his  laboratory  to  that  which  it  acts  in  the  lab- 
oratory of  nature  ? 

"  Take  a  view  of  the  various  crystals  that  are  found  in  our 
cabinets  containing  different  bases  united  to  the  same  acid, 
and  throughout  their  geometrical  forms  will  be  seen  to  differ 
more  or  less.  The  primitive  form  of  phosphate  of  lime  is  a 
regular  hexahedral  prism,  that  of  phosphate  of  lead  a  rhom* 
boid,  that  of  phosphate  of  iron  an  oblique  rectangular  prism, 
that  of  phosphate  of  copper  a  rectangular  octohedron,  and 
that  of  phosphate  of  manganese  a  rectangular  parallelopipe^ 
don.  If  we  take  the  muriates,  ^e  primitive  form  of  muriate 
of  ammonia  is  a  regular  octohedron,  that  of  silver  a  rectangu- 
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lar  parallelopipedon,  that  of  iron  a  right  rhomboidal  prism, 
and  that  of  copper  a  rectangular  octohedron ;  and  so  of  the 

rest.'' 

It  does  not  appear  that  M«  Hauy  has  taken  into  considera* 
tion  the  difference  that  water,  chemically  combined,  may  pro- 
duce in  crystalline  forms ;  at  least  he  says  nothing  about  it 
in  his  arguments  against  isomorphism  in  the  passages  we  have 
quoted*  He  continues  thus : — ^^^  According  to  these  observa- 
tions, if  the  opinion  of  MM.  Berzelius  and  Mitscherlich  with 
regard  to  pyroxene,  a  natural  mineral,  be  correct,  it  follows 
that  its  constitution  is  an  exception  to  the  general  results  of 
the  cryi^tallization  of  natural  bodies,  and  appears  to  be  inex- 
plicable. 

^^  I  must  add,  that  on  the  preceding  idea,  it  would  be  very 
difficult  to  form  a  clear  idea  of  what  constitutes  the  species, 
pyroxene,  in  a  chemical  point  of  view.  The  different  sili- 
cates which  occur  as  constituent  parts  of  that  mineral  have 
nothing  fixed,  either  in  respect  to  their  number  in  the  same 
individual,  nor  in  their  proportions*  Supposing  all  the  qom- 
binations  of  which  they  are  capable,  taken  one  and  one,  two 
and  two,  three  and  three,  to  exist  in  nature,  we  shall  have 
fifteen  different  modifications  of  pyroxene ;  and  if  we  reflect 
that  in  the  analyses  hitherto  made  of  different  pyroxenes,  the 
quantity  of  magnesia  varies  from  4'5  per  cent,  to  30.  that  of 
iron  from  1  *08  to  1 7*38,  and  that  of  manganese  from  0-09  to  3, 
what  a  series  of  shades  shall  we  obtain  if  we  multiply  those 
analyses ! " 

According  to  IJaiiy's  views,  all  the  pyroxenes  contain  a 
common  basis  of  elementary  molecules,  which  determines 
their  true  composition,  and  by  a  necessary  cousequence  the 
invariable  form  of  their  integrant  molecules,  and  all  the  other 
ingredients,  which  be  considers  as  purely  accidental,  are  only 
interposed  amongst  the  molecules  of  the  essential  substance 
without  affecting  its  characteristic  form.  That  substance  he 
assumes  to  be  silicate  of  lime,  for  in  fourteen  analyses  the 
quantity  of  lime  was  nearly  constant,  and  in  the  proportion 
of  about  20  per  cent,  on  the  whole  mass.  "  I  do  not  know," 
says  he,  ^  why  M.  Berzelius  has  supposed  that  it  may  re- 
placed by  magnesia;  how  can  it  yield  a  place  to  that  sub- 
stance which  it  has  never  abandoned  ?  " 

More  lately  Mr  Brooke  has  also  questioned  the  stability  of 
this  hypothesis,*  and  has  asserted  (as  we  have  seen  that 

*  Edinburgh  Philosophical  Journal,  vol.  xiL  p.  12. 
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Haily  li^  done  befbre)^  that  the  supposed  identity  of  isomor- 
phous  bases  does  not  exist,  and  tnat  the  apparently  similar 
forms  belonging  to  substances  which  differ  in  composition,  do 
re^hf  differ  frooi  each  other  in  measurement,  although  in 
some  cases  by  only  so  small  a  quantity  as  not  to  be  appreci^ 
ble  by  the  goniometer.  Mr  Brooke  remarks,  that  ^  the  in- 
stances which  M*  Mitscherlich  has  adduced  in  support  of  his 
theory,  or  we  may  almost  say  as  its  foundation,  are  not  in  ac- 
cordance with  it;^  and  he  then  goes  on  to  show  the  differ^ 
ences  in  the  inclinations  of  the  planes,  in  the  sulphates  of 
lead,  baryta  and  strontita.  "These,"  he  adds,  " are  natural 
crystals,  and  evidently  do  not  support  our  author^s  theory.^ 
Mr  Brooke  then  states,  that  the  artificial  salts  of  those  three 
bases  accord  with  it  no  better,  and  that  the  acetates  present 
even  much  greater  discordances  than  the  sulphates.  "  The 
theory  is  not  better  supported  by  the  carbonates  of  lime,  iron, 
and  zmc,  which  are  stated  to  be  isomorphous.  The  primary 
forms  of  these  substances  arc  rhombokK,  and  the  inclination 
ttf  P  on  P  has  been  ascertained  to  be  as  follows : — 

Carbonate  of  lime 105^  5 

iron 107  00 

zinc 107  40 

Mr  Brooke  adds,  that  be  is  informed  that  the  theory  on 
more  mature  consideration  has  been  abandoned  by  the 
author  himself.  If  that  be  so,  his  candor  reflects  the  highest 
honour  on  M.  Mitscherlich,  whilst  the  necessity  of  relinquishing 
a  favourite  hypothesis  furnishes  an  additional  argument  against 
the  adoption  of  those  dogmas  which,  in  some  measure  at  leasti 
led  to  its  original  formation.  For,  if  Mr  Brooke's  informa- 
tion be  correct,  we  must  object  to  them,  not  merely  their 
negative  quality  of  uselessness,  but  their  positively  mischiev- 
ous tendency  to  induce  or  confirm  error.  But,  to  return  to 
our  original  subject,  however  that  may  be,  the  assumption 
that  the  stronger  bases  must  contain  more  than  one  atom  of 
oxygen,  should  be  established  on  a  better  foundation  than 
mere  analogy,  or  such  arguments  as  we  have  met  with  in  the 
preceding  pages,  before  it  is  made  the  ground-work  for  super- 
seding the  beautiful  simplicity  of  the  atomic  theory  as  pro- 
mulgated by  Dalton,  and  substituting  in  its  stead  the  unne- 
cessary intricacies  introduced  by  Berzelius. 

We  are  not,  however,  surprised  that  the  hypothesis  should 
have  made  considerable  progress  amongst  our  fellow  chemists 
on  the  Continent.  Its  ingenious  promulgator  has,  we  believe, 
a  large  number  of  pupils,  and  it  is  perfectly  natural  that  bred 
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in  his  school  they  should  warmly  su^^rt  and  propagate  tht 
doctrines  of  so  admirable  a  master ;  for  in  most  respects,  few 
chemists  in  Europe  deserve  that  epithet  more  justly  than  Ber> 
zelius.  The  accuracy  of  bis  analyses,  the  incomparable  in** 
genuity  which  many  of  them  demonstrate,  the  indefatigable 
ardour  with  which  he  pursues  his  darling  science,  and  the 
multitude  of  important  facts  with  which  his  genius  and  Indus? 
try  have  enriched  it,  nve  him  a  high  claim  to  the  admiratioa 
*  of  every  chemist  in  the  world.  .It  does  not  follow,  however^ 
that  he  is  therefore  infallible,  and  after  the  best  attention  we 
have  been  able  to  bestow  on  his  peculiar  modifications  of  the 
atomic  .theory,  we  see  no  reason  for  preferring  them  to  the 
simpler  doctrines  taught  in  England,  and  untu  they  shall  h% 
fully  convinced  of  their  superiority  by  facte  derived  froia 
experiment,  we  hope  the  great  masters  of  our  own  schools 
will  adhere  to  their  present  system,  both  in  their  lectures 
and  their  publications. 


AnT.  XXXV IL — Same  Remarke  respecting  the  Utilihj  of  Cham 
Cables.  In  a  letter^from  Captain  Basil  Hai^Ii,  r.  n*  S.  to 
Professor  Jamesom. — [Edin.  Phil*  JourJ] 

Although  I  cannot  give  you  by  any  means  so  complete  ae 
account,  as  you  require,  of  the  admirable  invention  of  chaia 
cables,  I  shall  be  happy  to  extract  from  notes  which  I  have 
made,  from  time  to  time,  a  few  particulars  calculated  to  give 
you  the  information  you  want. 

In  the  first  place  there  is  no  doubt  that  Captain  Samuel 
Brown  is  the  inventor  of  the  chain-cable,  and  that  he  is  the 
person  who  has  the  merit  of  proposing  its  introduction  in  the 
mvy.    In  January  1808,  Captain  Brown  suggested  the  ad- 
vantage which  would  arise  from  employing  iron-cables  as  well 
as  irofl-riggine.     In  February  of  the  same  year,  he  took  out 
a  patent  var  this  invention.     About  the  same  time  he  went  to 
the  West  Indies  in  a  ship  in  a^reat  part  rieged  with  iron,  and 
fitted  with  cables  of  the  description  be  hadproposed  for  gen- 
eral adoption.    The  result  of  this  experiment  was  considered 
so  satisfactory,  by  a  committee  of  naval  officers  directed  to 
inquire  into  the  subject,  that  two  line-of-battle  ships,  a  frigate, 
and  a  sloop  of  war,  were  ordered  to  be  supplied  with  chains 
of  100  fathoms  length.    In  1811,  several  frigates  and  sloope 
were  fitted  in  like  manner,  and  the  success  which  attended 
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these  early  experiments,  though,  from  prejudice  and  igno* 
ranee,  attendea  with  occasional  difficulty,  gave  reason  to 
believe,  that,  in  process  of  time,  the  substitution  of  iron  for 
hempen  cables  would  become,  if  not  universal,  at  least  nearly 
80.  In  1812,  Captain  Brown  devised  a  new  method  of  clos- 
ing the  links  at  the  side,  by  means  of  a  long  scarf,  which  ren- 
dered the  welding  more  secure ;  and  it  has  been  found,  since 
that  time,  that  when  these  cables  are  exposed  to  a  strain,  suf- 
ficiently great  to  break  them,  they  do  not  give  way  at  the 
point  where  the  links  have  been  welded  in  this  manner.  Cap- 
tain Brown  adopted  various  forms  in  the  links  of  his  cables: 
at  Arst  they  were  twisted,  and  without  what  is  called  a  stay- 
pin,  or  internal  support  across  the  middle  of  its  length*  In 
the  saipe  year  Captain  Brown  availed  himself  of  the  power- 
ful aid  of  the  hydrostatic-press,  and  devised  a  proving  ma- 
chine, by  which  every  cable,  before  leaving  the  manufactory, 
was  subjected  to  a  severe  test ;  and  since  the  introduction  of 
this  contrivance,  the  accidents,  formerly  complained  of,  have 
very  rarely  been  heard  of.  So  far  there  is  no  dispute  as  to 
the  originality  of  Captain  Brown's  inventions.  He  obtains 
accordingly  full  credit  for  them,  and  certainly  deserves  the 
gratitude  of  the  country.  What  may  be  still  more  satisfac- 
tory to  hear,  perhaps,  he  receives  from  every  comer  of  the 
globe  the  heartiest  thanks  of  the  practical  seaman,  from 
whose  mind  this  admirable  invention  takes  away  a  thousand 
anxieties,  and  eives  him  rest  and  security,  at  moments  when 
the  horrors  of  shipwreck  would  stare  him  in  the  face.  No 
one,  indeed,  but  a  person  who  has  navigated  on  rocky  and 
stormy  coasts,  or  even  in  milder  regions,  but  where   the 

ground  is  thickly  set  with  coral  reefs,  utterly  destructive  to 
empen-cables,  but  which  make  no  impression  on  the  chain, 
can  have  any  conception  of  the  superiority  of  the  one  over 
the  other.  It  is  often  absolutely  inciispensable  to  come  to  an 
anchor ;  and  there  are  numberless  occasions  when  the  safety 
of  the  ship  and  crew  depends  wholly  upon  the  cable  not 
breaking;  no  one,  I  repeat,  but  a  sailor,  can  enter  fully  into 
the  painful  anxiety  of  such  moments,  or  judge  of  the  fati^e 
of  watching  through  the  long  dark  nights  of  high  latitudes, 
for  the  fatal  event,  hanging  on  a  few  threads,  perhaps  worn 
and  rotten,  which  is  instantly  to  decide  the  tate  of  all  on 
board.  Captain  Brown's  chain  never  wears,  never  rots,  is 
never  cut  by  coral  reefs,  is  always  fresh  and  efficient,  and  is, 
I)erhaps,  the  greatest  boon  given  to  seamanship  in  modern 
times. 
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It  was  not  to  be  supposed,  however,  that  an  mvention  of 
such  extensive  practical  utility  would  be  allowed,  in  this 
country,  to  remain  in  the  hands  of  one  man,  or  that  the  in- 
genuity of  others  would  not  improve  upon  the  original  idea. 
Accordingly,  early  in  1813,  Messrs  Brunton  and  Company 
took  out  a  patent  for  an  improved  chain-cable.  This  improve- 
ment was  said  to  consist  fn  having  the  links  formed  in  one 
plane,  in  contradistinction  to  being  twisted,  with  the  important 
addition  of  a  stay-pin  across  the  link,  not  sharp  pointed,  but 
broad  at  the  ends.  These  are  the  description  of  links  now 
universally  manufactured  by  Messrs  Brunton  and  Company, 
as  well  as  by  Captain  Brown  and  others ;  nor  does  it  appear 
that  there  is  left/  any  thing  further  to  desire  on  this  branch  of 
the  subject. 

The  originality  of  this  very  great  improvement  is  claimed 
for  Captain  Brown,  by  Mr  Knowles  of  the  Navy  Office,  in 
his  published  work,  ^'  An  Inquiry  into  the  means  which  have 
been  taken  to  preserve  the  British  Navy,"  This  statement 
led,  in  1 821,  to  an  angry  controversy  between  Mr  Knowles  and 
the  Patentees  alluded  to.  This  controversy  does  not  leave 
the  question  very  well  determined,  though  it  might  certainly 
have  been  settled  with  a  tenth  part  of  tne  writing,  by  an  ap- 
.  peal  to  facts,  which  must  be  on  record  somewhere.  At  all 
*  levefits,  whichever  party  be  right  in  this  particular,  the  great 
honour  due  to,  the  original  discoverer  belongs  indisputably 
to  Captain  Brown.  • 

The  following  list  shews  the  size  of  the  chain-cables  sup- 
plied to  his  Majesty's  ships. 

Diameter  of  Iron  forming  the 
links  of  the  Cbain<^able,  con- 
sidered equivalent  to,  and 
supplied  instead  of;  Hemp. 
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1 50  fathoms,  or  1 1  cable,  are  allowed  to  all  ships  of  the 
line ;  200  fathoms,  or  3  cables,  to  frigates,  sloops  and  brigs: 
but  small  vessels,  with  complements  under  60  men,  are  sup- 
plied wholly  with  iron-cables. 

The  method  of  using  chain-cables  in  place  of  hempen  ones, 
is  daily  belter  understood ;  and  their  great  value  generally 
acknowledged,  even  by  those  who  have  not  acquired  a 
thorough  knowledge  of  all  their  merits.  No  ship,  now-a-days, 
would  be  considered  safe  without  at  least  one  such  qable. 
They  are  exceedingly  convenient  in  practice,  and  are  appli- 
cable, with  certain  modifications,  to  almost  every  variety  of 
circumstance.  If  once  duly  put  to  the  proof,  they  may  be 
relied  upon,  ever  afterwards,  with  confidence ;  and  in  this 
property  consists  their  chief  excellence  over  hemp.  The 
value  of  an  ordinary  cable  decreases  with  its  age,  even  sup- 
posing it  not  to  be  in  use*  But  if  it  be  used  at  all,  even  in 
ihe  least  destructive  cases,  in  fine  weather,  and  in  good  anch- 
oring ground,  still  it  infallibly  deteriotes;-^the  mere  weting 
and  dryinff,— -the  necessary  wearing  in  the  hause-hole, — the 
friction  of  the  messenger  and  nippers,  are  all  inevitable 
sources  of  destruction,  which  no  care  can  exempt  it  from. 
Against  all  these  evils,  the  chain  is  by  its  nature  entirely  free* 
This  l)eing  the  case,  the  method  of  estimating  the  relative 
strength  of  the  two,  by  fixing  a  new  cable  to  a  new  chain, 
and  straining  them  till  one  or  the  other  breaks  is  unfair.  Let 
an  old  chain  and  an  old  hempen-cable  be  tried  together,  and 
what  will  be  the  result  ?  In  point  of  fact,  no  such  trials  can 
ever  afford  a  fair  comparison  ;  because  the  wear  and  tear  of 
no  two  hempen-cables  is  alike.  One  may  be  in  use  six  weeks, 
and  be  scarcely  the  worse ;  while  another  may  be  rendered 
useless  in  six  days,  or  in  six  hours;  under  circumstances 
which  no  decree  of  professional  skill  can  foresee^  or  guard 
against.  While  under  the  very  same  circumstances,  the  chain, 
if  it  stand  the  trial  at  all,  may  fairly  be  described  as  being 
better  after  the  experiment  toan  before ;  inasmuch  as  the 
discipline  it  has  undergone  shews  its  powers.  To  ships  cruis- 
ing in  the  Channel,  withiu  a  few  hours  sail  of  a  dock-yard, 
this  consideration  may  be  of  little  consequence ;  for  as  soon 
as  a  cable  is  chafed,  a  i>ew  one  may  be  procured.  But  on 
foreign  stations,  especially  those  wkhout  dock-yar^s,  or 
where,  as  in  South  Americ»,  the  stores  required  are  not  to  be 
procured  at  any  cost,  the  question  becomes  a  vital  one.  There 
arc  many  enterprises  of  the  greatest  pith  and  moment,  which 
cannot  be  undertaken  if  the  ground-tackling  be  not  trust- 
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worthy ;  and  innumerable  commercial  speculations  are  pnl  to 
imminent  hazard,  or  altogether  prevented,  by  the  absence  of 
secure  means  of  anchoring  at  all  seasons,  and  on  all  descrip- 
tions of  coast. 

In  an  economical  point  of  view,  the  advantage  to  the  coon- 
try  in  the  equipment  of  his  Majesty *s  ships  is  very  great*  As 
an  example,  I  may  state  what  came  under  my  own  knowledge 
on  a  recent  voyage  which  I  made  to  South  America.  We 
sailed  in  his  Majesty's  ship  Conway,  from  Portsmouth  in  July, 
1 830,  and  returned  to  England  in  the  beginning  of  1823, having 
been  in  commission  somen  hat  more  than  two  year»  and  a  halu 
In  this  interval,  the  ship  visited  thirty-six  sea-ports  and  road- 
steatds,  and  many  of  them  repeatedly ;  besides  which,  there 
Was  a  good  deaf  of  coasting,  and  river  navigation ;  upon  the 
whole,  there  was  probably  more  than  an  ordinary  proportion 
of  anchoring  than  is  usual  in  the  same  length  of  period* 
Judging  from  experience  in  similar  climates,  I  sbould  say  that 
six  new  cables  of  the  best  description  of  hemp,  would  have 
been  completely  worn  out  by  the  s%ime  service,  the  cost  of 
which  could  not  have  been  less  than  £660.  But  in  conse- 
quence of  our  having  an  iron-cable  to  perform  the  greater 
part  of  the  work,  a  single  hempen  one  in  addition  was  found 
quite  sufficient.  This  cable  as  may  be  supposed,  was  com- 
pletely worn  out ;  while  the  chain,  costing  originally  less  than 
£200,  was  returned  into  store  as  good  as  ever,  with  the  ad- 
vantage of  having  been  well  tried  during  the  voyage.  Had 
I  been  ordered  to  re-equip  the  ship  for  service,  I  should  cer- 
tainly have  applied  for  this  old  chain  in  preference  to  a  new 
one. 

During  the  voyage  in  question,  it  often  became  advan- 
tageous to  the  public  service  to  anchor  in  [)articular  parts  of 
a  harbour,  where  the  bottom  was  rocky,  and  in  situations- 
where  the  best  hempen-cable  would  have  been  chafed  through 
in  a  single  tide.  At  others,  we  were  enabled  to  lie  in  security 
on  open  coasts,  which,  previous  to  the  introduction  of  chain- 
cables,  no  ship  dared  to  approach.  I  have  frequently,  also, 
seen  merchant  ships  trading  on  such  coasts  to  great  purpose, 
when  other  vessels,  equally  well  circumstanced  in  other  re- 
spects, were  obliged  to  relinquish  considerable  mercantile 
profits  for  want  of  this  single  article  In  their  equipment.  Im- 
portant advantages,  therefore,  belong  to  its  use  besides  the 
saving  of  cost,  which  is  v^ry  great. 

Some  practical  details  may  perhaps  interest  you.  It  is 
troubiesooie  to  use  a  chain«cabie  in  water  above  twenty  or 
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twenty-five  fathoms  in  depth ;  for  its  weight,  added  to  that  of 
the  anchor,  makes  it  sometimes  a  difficult  affair,  and  always 
a  tedious  one,  to  heave  it  up.  Some  years  ago,  when  I  was 
inexperienced  in  the  use  of  the  chain,  I  had  occasion  to 
anchor  on  a  coral  bank  in  the  China  seas,  in  about  thirty-five 
fathoms  water :  not  reflecting  on  the  momentum  which  the 
chain  would  acquire  in  descending  through  such  a  space,  I 
omitted  the  proper  preca.utions,  and  the  whole  hundred  fath- 
oms in  length  were  carried  out  of  the  hause-hole  with  increas- 
ing velocity,  and  a  furious  noise,  till  at  length,  brought  up  by 
the  clinch,  when  the  jerk  shook  the  ship  from  end  to  end ;  the 
whole  being  the  work  of  not  many  seconds,  though  causing  a 
commotion  truly  astounding  to  all  who  like  myself  saw  it  for 
the  first  time.  It  employeu  us  four  hours  hard  labour  before 
we  recovered  our  anchor.  I  have  not  seen  any  contrivance 
in  our  ships  for  anchoring  with  the  chain-cable  in  deep  water ; 
but  on  board  an  American  merchant  vessel,  I  took  notice  of 
an  ingenious  device,  which  was  said  to  answer  perfectly,  and 
if  so,  is  well  worthy  of  imitation.  To  the  anchor  was  shackled 
in  the  usual  way,  a  ten-fathom  length  of  chain,  to  the  end  of 
which,  by  means  of  three  tails,  made  of  small  chain,  attached 
to  a  swivel-ring,  was  spliced  a  hempen  bower-cable.  The 
iron  part  of  the  cable,  it  was  said,  lay  on  the  ground,  and  re- 
ceived the  chafe  without  injury,  while  the  remaining  length 
was  kept  sufficiently  tight  to  clear  the  rocks  at  the  bottom. 
At  first  sight  it  might  be  imagined  that  hemp  and  iron  would 
not  do  well  to  splice  together,  but  experience  in  this  case 
shews  that  it  may  be  done  without  difficulty,  and  without  in- 
jury to  the  softer  material. 

This  leads  to  the  consideration  of  another  valuable  result 
of  experience.  When  chain-cables  were  first  introduced,  it 
was  supposed  that  a  ship  could  not  be  moored  by  their  means, 
unless  two  were  used  at  once ;  it  being  taken  for  granted  that 
if  a  ship  were  moored  with  a  chain  and  a  hempen  cable,  and 
that  the  hause  became  foul  (the  technical  term  for  the  twist- 
ing of  the  two  cables,  caused  by  the  ship's  swinging  round  in 
a  tide's  way),  the  iron  would  speedily  cut  its  companion 
through.  Ample  experience,  however  has  shewn  that  so  far 
from  the  chain  having  the  supposed  tendency,  it  has  it  incom- 
parably less  than  the  other.  That  is  to  say,  two  hempen 
cables  drawn  across  one  another,  especially  when  wet  (which 
they  roust  be  in  a  ship's  hause),  will  chafe  and  wear  each 
other  through  sooner  than  a  hempen  cable  similarly  exposed 
to  the  rubbing  of  a  chain.    The  reason  is,  that  the  links  of 
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the  chain  being  smooth,  do  not  act  with  so  much  friction.  In 
point  of  fact,  the  chain  has  not  so  great  a  disposition  to  move, 
for  its  great  weight  makes  it  to  lie  more  steadily  across  the 
other. 

This  valuable  principle,  which  was  quite  unlooked  for  in 
the^early  stages  of  the  invention,  iias  been  in  some  instances 
absurdly  counteracted  by  the  over-caution  of  well-intentioned 
ignorance*  It  is  the  universal  practice,  in  using  hempen  ca- 
bles, to  round  them,  that  is,  to  wind  round  them,  at  those 
places  exposed  to  friction,  a  thick  coating  of  small  rope, 
which  adas  about  one-third  to  the  size  of  the  cable, — a  clum- 
sy, but  indispensable  precaution.  The  friction,  therefore,  of 
the  two  cables,  is  wasted  on  the  rounding,  while  the  cable  it- 
self is  protected.  Such  precaution  is  clearly  not  wanted  in 
the  case  of  a  chain ;  but  people  who  act  by  what  is  called 
the  ^'  rule  of  thumb,''  and  who  do  not  inquire  into  the  reason 
of  any  thing,  think  it  necessary  when  they  come  to  moor 
with  one  of  each  kind,  to  round  the  iron-cable  as  well  as  the 
hemp ;  the  effect  of  which  is,  to  convert  the  smooth  and 
harmless  chain  into  a  file  of  the  most  biting  quality ;  and 
whenever  a  chain  so  armed  comes  to  lie  across  a  hemp-cable, 
the  destruction  of  the  last  is  most  rapid. 

At  first,  it  must  be  admitted  that  the  iron-cable  is  difficult 
to  handle,  but  a  little  practice  renders  it  wonderfully  manage- 
able. It  is  shackled  to  the  anchor  in  a  tenth  part  of  tne 
time  spent  in  "bending  "a  cable,  and,  if  required,  is  un- 
shackled in  an  instant.  In  this  respect,  too,  it  possesses  a 
property  of  great  practical  utility ;  it  takes  no  injury  by  being 
perpetually  attached  to  the  anchor, — whereas  it  is  ruinous  to 
a  hempen-cable  to  be  long  bent  or  fixed  to  the  anchor,  and 
exposed  to  the  weather.  Thus,  without  trouble,  or  any  risk 
of  injury  to  the  cable,  a  ship  can  be  kept  at  all  times  in  a 
state  of  readiness  for  anchoring, — an  advantage  which  practi- 
cal men  well  know  how  to  appreciate,  and  the  neglect  of  which 
has  led  to  many  a  shipwreck. 

The  least  expensive  method  of  mooring  a  ship  is  with  two 
chains,  and  the  time  is  probably  not  far  distant  when  this 
will  be  done  universally.  On  the  South  American  station, 
where  the  weather  was  generally  fine,  a  bower-chain  to  sea- 
ward, and  the  stream-chain  towards  the  shore,  was  found  suf- 
ficient, and  in  this  case  the  wear  and  tear  was  nothing.  Sir 
Thomas  Hardy,  to  whom  the  Navy,  and,  indeed,  the  profes- 
sion generally,  are  indebted  for  so  many  useful  inventions, 
contrived  a  simple  method  of  mooring  with  two  chains,  so 
^ost.  Jour.  April  fy  May^  1826.  47 
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that  the  hawse  was  never  fouled,  however  many  times  the 
ship  swung  round.  This  consisted  in  unshackling  the  stream- 
chain  from  its  own  part,  and  again  shackling  it  to  one  of  the 
swivel-rings,  which  occur  at  intervals  on  the  bower-chain^ 
Thus  the  ship  rode,  as  it  were,  at  moorings,  the  portion  of  the 
bower-chain  above  the  water's  edge  becoming  a  bridle ;  an 
explanation  which  will  be  understood  by  every  practkal 
man.  The  same  officer  has  also  contrived  a  double  bridle 
for  riding  a  ship  by  the  middle  of  a  cable,  or  between  two 
bowei'-cables ;  and  it  is  probable  that  all  his  Majesty's  ships 
will  eventually  be  supplied  with  these  valuable  additions  to 
the  chain*  It  may  be  said  that  these  things  are  perfectly 
obvious,  and  that  little  credit  therefore  belongs  to  the  discov- 
erer ;  but  the  same  is  equally  true  of  the  chain<:able  itself, 
sufficiently  obvio^us  now  it  is  pointed  out*  But  it  is  the  pecu- 
liar province  of  genius  to  turn  those  principles  to  account 
which  ordinary  men  are  trampling  under  foot.  Simplicify, 
indeed, — which  is  the  most  common  characteristic  of  such 
adaptations, — applies  peculiarly  to  all  those  of  the  officer  in 
question,  and  to  none  more  than  to  his  stopper  for  the  chain* 
cable,  a  contrivance  not  generally  known,  but  meriting  a  par- 
ticular description. 

On  the  under  side  of  the  beam,  which  forms  the  foremost 
pari  of  the  hatchway,  where  the  chain-cable  comes  up,  is 
fixed  a  strong  crane-necked  book  of  iron,  nearly  as  thick  as 
a  man's  wrist,  and  about  as  large  as  the  circle  which  a  man 
can  form  with  his  arms  when  his  hands  are  joined  together. 
One  end  of  this  curve  is  attached  to  the  beam,  but  is  sulowed 
to  be  moved  round  the  bolt  freely  in  a  horizontal  plane.  The 
cable  is  supposed  to  come  up  the  corner  of  the  hatchway,  sa 
that  the  crane-necked  stopper,  being  placed  also  near  the 
angle,  is  made  to  embrace  the  chain ;  and  a  strong  tackle 
bemg  then  hooked  to  the  end  of  the  crane,  it  is  boused  or 
pulled  tiight  on  the  lower  deck,  so  as  to  bind  the  chain  closely 
against  the  beam.  Such  is  the  powerful  grasp  of  this  stopper, 
that  it  arrests  the  chain  if  it  be  required  instantaneously, 
whatever  velocity  it  may  have  acquired, — an  object  which 
^very  other  description  of  stopper  has  failed  to  accomplish. 

There  are  still,  or  at  least  there  were  two  years  ago,  sever- 
al  desiderata,  which  it  would  be  well  worth  the  while  of  the 
manufacturers  to  supply.  In  ihe  first  place,  the  mode  of  un- 
schackling  the  lengths  of  the  chain  requires  to  be  improved. 
Unless  >constant  attention  be  paid  to  the  pins  which  retain 
the  bolts  in  their  places,  they  become  rusted^  and  are  not  to 
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be  moved  without  a  long  process  of  hammering.  Now,  since 
it  frequently  becomes  necessary  to  slip  the  cable  (for  it  can- 
not be  cut),  the  utmost  facility  should  be  afforded  for  disen- 
gaging one  part  of  the  cable  from  the  other«  The  fault  of 
die  pins  seems  to  lie  in  their  being  made  flush  with  the  bolt ; 
whereas,  were  they  prevented  from  coming  completely 
through  the  hole,  by  a  shoulder,  which  should  correspond 
with  a  contraction  in  the  kole,  the  pin  might  be  reached  bv 
a  punch,  and  readily  driven  out.  By  the  present  method, 
the  hammering  which  is  requisite,  has  often  the  effect  of  ny- 
etting  it  more  firmly  in  its  place. 

In  the  next  place,  every  ship  fitted  with  chain-cables,  ought 
to  have  large  and  strong  shackles  fitted  to  the  shank  of  the 
^anchor,  in  place  of  the  rings  used  for  hempen  cables.  The 
«hort  nip  of  the  chain,  on  these  large  rings,  is  apt  to  break 
them.  I  have  myself  seen  no  fewer  than  four  rings  snapped 
in  this  way.  I  believe  that  his  Majesty^s  ships  are  now  fur- 
nished with  shackles  such  as  I  describe  *,  but  all  ships  ought 
to  have  them. 

I  have  heard,  that  chain  messengers  have  been  introduced ; 
but  I  have  not  seen  them.  It  is  certainly  desirable  that  they 
should  be ;  but  some  contrivance  will  be  necessary,  to  pre- 
vent the  frightful  accidents  which  are  liable  to  occur  in  the 
event  of  their  breaking.  At  all  events.  Whether  chain-mes- 
sengers be  expedient  or  not,  it  seems  clear  that  some  contriv- 
ance should  be  sought  for,  by  which  the  hempen  nippers  may 
be  done  away.  They  are  not  only  very  inefikient,  but  are 
very  expensive.  Something  on  the  principle  of  the  iron- 
claws,  by  which  ^eat  stones  are  grasped  and  lifted,  might 
easily  be  adaptea  to  this  purpose.  I  allude  to  those  pincer- 
shaped  implements,  which  clasp. their  object  more  firmly,  the 
more  they  are  pulled  upon.  The  tails  of  these  nippers  might 
be  of  the  usual  kind,  especially  if  the  messenger  were  also  of 
hemp;  and  I  have  great  doubts  about  the  successful  applica- 
tion of  iron  to  this  branch  of  the  subject,  where  the  risk  of 
injury  to  the  people  employed  is  so  great,  and,  as  I  think, 
unavoidable.  It  is  sufficiently  serious  when  a  hemp-messen- 
ger breaks,  but  the  breaking  of  a  chain  would  sweep  every 
man  off  the  deck.  It  is  worthy  of  the  attention  of  an  inge- 
nious man  Kke  Captain  Brown,  to  overcome  this  difficulty ; 
and,  perhaps,  it  may  be  possible,  by  some  muUial  adaptation 
of  the  different  principles  of  rope  and  iron,  to  place  a  chain 
in  the  middle  of  the  messenger,  like  the  heart  in  a  four- 
iHranded  rope,  and  thus  to  ^ain  the  strength  of  the  one,  with- 
out losing  the  friction  and  the  protecting  quality  of  the  other. 
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In  reply  to  your  queries  respecting  the  various  other  uses 
to  whicn  iron  has  been  applied  of  late  years  in  nautical  af- 
fairs, I  have  little  to  say,  as  I  fear  I  have  already  greatly  ex- 
ceeded your  limits.  I  shall,  therefore,  merely  allude  to  the 
most  remarkable.  These  are, — spindles  for  capstans, — 
shrouds  for  masts, — ^bobstays  and  gammoning  for  bowsprits, 
—topsail-sheets  and  ties,  (but  this,  I  believe,  is  in  the  mer- 
chant service  alone,  though  worti^r  of  imitation  in  the  Navy), 
oil  and  varnish  barrels,  and  many  minor  purposes,  all  con- 
ducing more  or  less  to  the  efficiency  of  sMps  having  long 
voyages  to  perform.  But  one  of  the  earliest  and  still  the 
most  important  uses  of  iron,  was  the  four  feet  cubes  or  tanks 
for  holding  water,  a  great  blessing  to  the  seafaring  community. 
By  means  of  this  contrivance,  water  may  be  kept  for  any 
length  of  time,  without  the  slightest  perceptible  contamina- 
tion. I  once  filled  a  tank  with  clear  water  at  Portsmouth 
Harbour,  and  having  carried  it  four  times  across  the  torrid 
zone,  and  round  Cape  Horn,  over  a  greater  distance  than  the 
circuit  of  the  globe,  brought  it  back  again  more  than  two 
years  afterwards  in  the  same  tank,  not  in  the  least  degree 
discoloured,  and  in  all  respects  as  good  as  when  it  was  first 
taken  up  from  the  spring. 

DCNOLASS,  ) 

24ih  wft^.  1825.     S 


Art.  XXXVIIL— j^n  Account  of  the  recent  Improvements  con- 
ructed  with  liailrRonds ;  principally  compiled  from  the  late 
Works  of  Messrs  fVoody  Tredgold^  and  Sylvtster^  vpon  this 
subjeci.-^T.'] 

The  late  promising  application  of  the  steam-engine  to  trans- 
portation on  rail-ways,  nas  awakened  a  spirit  of  experimental 
mquiry  into  the  whole  subject  of  inland  communication,  the 
beneficial  influence  of  which  will  not  be  confined  to  the  age, 
nor  to  the  country  which  has  produced  it.  We  propose,  in 
this  article,  to  give  an  account  of  the  late  inventions  connect- 
ed with  rail-ways,  and  to  examine  some  of  the  experiments 
which  have  been  made,  tending  to  show  under  what  circum- 
stances they  are  to  be  preferred  to  roads  or  canals. 

The  iron  rail-ways  are  of  two  kinds,  called  the  tram  or 
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plate,  and  the  edge-ways.  The  general  forms  designated  by 
these  terms  are  if  ell  known.  The  materials  of  the  tram-way 
cannot  be  arranged  favourably  to  strength ;  but  the  form  of 
the  edge-way,  on  the  contrary,  is  not  only  one  of  the  strong- 
est that  can  be  given  to  a  certain  quantity  of  iron  preserved 
in  a  solid  ;  but  there  is  likewise  an  advantage  in  tlie  inflexi- 
bility derived  from  its  figure ;  so  that  after  an  examination  of 
the  advantages  peculiar  to  each  kind  of  rail-way,  the  English 
engineers  seem  almost  unanimously  to  prefer  the  edge-way. 
We  shall  therefore  confine  our  notice  to  this  kind  of  rail-way 
and  examine  its  peculiarities  in  some  detail. 

The  tracks  or  wheel-paths  of  an  edge-way,  when  made  of 
cast-iron  and  of  the  most  approved  construction,  are  formed 
of  pieces  from  three  to  four  feet  long.  A  profile  of  a  single 
piece  shows  it  perfectly  straight  at  the  top,  but  the  bottom  is 
of  a  curved  form,  the  piece  being  &  inches  deep  in  the  middle 
and  4  inches  near  the  ends.  It  does  not  seem  to  be  yet  de- 
cided what  curve  is  most  fit  for  this  outline  of  the  rail.  It  is 
generally  made  parabolic.  The  strongest  form  is  semi- 
elipse ;  yet  Mr  TredgoU  is  of  opinion  that  it  would  be  better 
to  make  the  under  side  straight  and  parallel  with  the  top,  for 
the  reason,  that  the  depression  occasioned  by  the  load  will  be 
less.  The  advantages  of  any  one  of  the  curves  used,  over 
another  cannot  be  great,  as  they  differ  but  little  from  each 
other ;  but  the  propriety  of  determining  the  fracture  to  the 
middle  by  making  the  under  side  straight,  may  well  be 
doubted. 

A  cross  section  made  through  the  middle  of  a  rail,  presents 
an  outline  slightly  convex  at  the  top,  and  2|  inches  thick. 
About  I  inch  below  the  top  the  sides  approach  each  other  to 
within  ^  an  inch ;  they  run  downwards  nearly  parallel  to 
each  other  to  within  about  1  inch  of  the  bottom,  when  they  swell 
out  again,  so  as  to  make  the  rail,  near  its  under  side,  more  than 
an  inch  thick.  A  section  of  this  rail  is  shown  at  Plate  II. 
Fig.  1.  A  piece  of  cast-iron  formed  to  this  description,  if  4 
feet  lon^,  will  weigh  about  58  pounds.  There  seems  to  be 
some  evidence,  from  experiments,  that  rails  made  of  a  mix- 
ture of  different  kinds  of  cast-iron- are  stronger  than  if  made 
from  a  single  variety  of  ore. 

It  appears  from  twenty-six  experiments,  given  by  Mr  Wood, 
made  upon  rails  3^  feet  long  between  the  supports,  6  inches 
deep  in  the  middle,  2J  inches  thick  at  the  top,  ^  an  inch  in 
the  middle,  and  1  ^  inches  at  the  boUom,  and  weighing  5Si 
pounds  each ;  that  such  rails  require,  upon  an  average,  a  load 
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of  14,900  pounds  to  prodace  a  fracture*  None,  in  these  ex* 
periments,  gave  way  when  loaded  with  a  weight  less  than 
10,668  pounds,  and  one  of  them  required  23,368  pounds  to 
break  it.  The  rails,  on  which  these  experiments  were  made, 
were  of  the  size  intended  for  a  way  on  which  a  load  of  4 
tons  was  to  be  supported  in  a  carriage  having  four  wheek.  It 
was  considered  that  it  might  sometimes  happen,  from  irregu* 
larity  in  the  lines  of  way,  that  S  tons  would  be  thrown  upon 
one  wheel.  This  would  be  about  f  ths  of  the  load  required 
to  break  the  weakest  rail  subjected  to  experiment,  and  Mr 
Wood,  whose  experience  gives  great  weight  to  his  opinions, 
thinks  it  would  be  unsafe  to  load  any  cast-iron  rail-way  with 
more  than  |  of  the  calculated  strength  of  the  rails* 

One  of  the  greatest  obstacles  to  the  extension  of  rail* 
ways,  has  been  the  difficulty  of  preserving  the  tracks  in  the 
line  in  which  they  are  first  laid  down.  Subjected,  as  the 
foundations  necessarily  are,  to  be  undermined  by  rains,  and 
faoven  by  frosts,  it  is  no  wonder  that  this  yet  remains  the 
weakest  point  of  the  rail-way  system.  To  prepare  a  proper 
foundation  for  the  tracks,  Mr  Tredgold  recommends  that, 
even  in  firm  ground,  a  trench  should  be  dug  under  each  line, 
d  feet  wide  and  10  inches  deep,  and  be  filled  up  with  broken 
Atone,  and  suitable  drains  made,  to  keep  the  foundation  thus 
prepared,  free  from  water.  We  do  not  understand  that  it  has 
been  a  common  practice  in  England  to  prepare  for  the  tracks 
in  so  thorough  a  manner  as  is  here  recommended ;  but  we 
apprehend  that  a  yet  more  substantial  foundation  will  be  re- 
quired in  this  country,  to  guard  against  the  severe  effects  of 
our  frosts.  The  use  of  blocks  of  stone  to  support  the  ends  of 
the  rails,  appears  to  be  now  universal  in  England.  These 
blocks  are  at  least.  1 6  inches  square  at  the  bottom  and  8  or 
10  inches  thick,  and  it  is  necessary  that  the  horizontal  faces 
be  parallel.  The  blocks  being  fixed  upon  the  lines,  at  dis- 
tances corresponding  with  the  lengths  of  the  rails,  are  fit  for 
the  reception  of  what  are  called  the  chairs.  These  are  pieces 
of  cast  iron,  having  two  projections  standing  upwards  about  3 
inches,  and  far  enough  apart  to  receive  the  ends  of  the  rails 
between  them.  The  bottoms  of  the  chairs  are  imbedded  iote 
the  stones,  and  they  are  kept  in  their  places  by  wooden  pins. 
Many  ways  have  been  proposed  for  uniting  the  rails  to  the 
chairs.  One,  which  seems  to  be  highly  approved,  is,  to  have 
the  sides  of  the  rails  near  their  ends,  tapered  to  a  sort  of 
wedge  form,  so  that  the  ends  may  be  made  to  over-lap  each 
other  about  three  inches,  without  increasing  the  thickness  of 
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file  track*  A  hole  is  then  drilled  throiigh  the  upward  pro* 
jections  of  the  chair  and  through  the  two  rails,  where  they 
over-lap  each  other,  and  the  raik  oeing  put  in  their  place,  be- 
tween the  projections  upon  the  chair,  a  single  iron  pin  is  put 
through  the  whole*  The  pin  is  not  intended  to  bear  the  weight 
of' the  load ;  but  merely  to  keep  the  rails  in  their  proper  situa- 
tions, binding  together  the  whole  line.  The  bottoms  of  the  rails, 
under  the  laps,  rest  upon  the  chair,  which  is  formed  into  a  seg- 
ment of  a  cylinder,  the  axis  of  which  runs  transversely  to  the 
rail^tracks.  If  therefore,  by  the  yielding  of  the  foundations,  the 
chair  becomes  inclined  from  the  horizontal  direction,  the  sup- 
port of  the  two  adjoining  rails  will  still  continue  to  be  the 
same  transverse  line,  and  the  ends  must  remain  of  an  equal 
height ;  thus  preserving  the  uniformity  of  the  level.  This 
method  is  shown  at  Fig.  % 

The  method  here  described,  although  more  approved  than 
any  other,  is  not  considered  so  perfect  as  could  be  desired*. 
For  it  will  be  perceived  that  the  chair  can  move  only  round 
the  pin  as  a  centre,  and  when  the  pin  is  made  to  fit  the  holes^ 
as  it  is  desirable  it  should  do,  and  the  bottom  of  the  rail  rests 
upon  the  chair,  the  form  of  these  parts  does  not  permit  this 
motion  freely  to  take  place ;  but  it  is  constrained  to  it  by 
the  load  passmg  over  it ;  the  pin  is  by  this  means  loosened, 
and  the  wnole  joint  iniured. 

Two  other  methods  of  laying  the  rails,  in  the  chairs,  are 
noticed  by  Mr  Wood*  In  one  of  these,  the  ends  of  the  rails 
are  made  square,  with  the  exception  of  a  semicircular  indent- 
ation, and  they  are  placed  in  the  chair,  abutting  each  other* 
The  adjoining  indentations  form  a  round  hole,  through  which 
a  pki  IS  passed,  securing  the  rails  to  the  chair  by  passing 
likewise  through  the  projections ;  as  in  the  preceding  method. 
In  the  other  form,  the  pin  is  wholly  dispensed  with,  by  pro- 
ducing, upon  one  end  of  each  rail,  a  small  projection  which 
fits  an  indentation  in  the  end  of  the  rail  abutting  it.  Neither 
of  these  methods  tie  the  rails  together,  in  the  direction  of 
their  liength,  and  any  yielding  of  the  foundation,  causing  a 
displacement  of  the  cnair,  destroys  the  continuity  of  the  level* 
The  part  of  the  chairs  on  which  rails  of  this  kind  rest,  is  made 
a  plane  siirface*  Both  of  these  methods  will  be  understood 
by  referring  to  Figures  3  and  4. 

Although  bars  of  wrought  iron  had  been  used  for  rail-ways 
more  than  twenty  ^ears  since,  it  was  not  until  1820,  that,  in 
consequence  of  an  improvement  in  their  manufacture,  by  Mr 
Birkinshaw,  they  became  used  to  much  extent*  The  improve* 
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ment  consists  in  a  method  of  rolling  them  somewhat  near  to 
the  proportions  of  the  cast-iron  edge-rail ;  the  form  of  which 
is  taken  as  the  model  for  imitation.  This,  as  will  readily  be 
conceived,  is  performed  by  indented  rollers,  and  from  the 
figures  of  them,  given  by  Mr  Wood,  they  seem  to  have  suc- 
ceeded in  putting  the  iron  into  a  form,  nearly  resembling  the 
cast-iron  rail.  (Fig*  5.)  They  are  rolled  into  pieces  about 
1 8  feet  long.  Each  piece  has  the  appearance  of  five  pieces 
of  cast-iron  rail,  joined,  by  their  ends,  into  a  single  length. 
They  are  imposed  upon  the  foundation,  through  the  interven- 
tion of  stone  blocks  and  chairs  precisely  similar  to  those  used 
under  the  cast-iron  rails.  The  lap-joint,  however,  is  not 
used ;  but  the  ends  are  made  to  abut  each  other.  It  will  be 
understood  that  each  piece,  such  as  is  h^re  described,  re- 
quires 5  chairs,  and  is  supported  as  though  it  were  5  separate 
pieces.  A  great  advantage,  arising  from  the  length  of  the 
pieces,  is,  that  the  abrupt  distortions,  to  which  all  rail-ways 
are  subject  at  the  joints,  are  in  these,  necessarily  reduced  in 
number,  if  not  diminished  in  degree. 

Wrought-iron  rails  are  not  subject  to  be  broken ;  as  the 
load  which  can  be  permitted  to  pass  over  them,  must  neces- 
sarily be  kept  below  that,  which  would  produce  a  set  or  per- 
manent curvature  in  the  rail.  This  is  a  consideration  of  vast 
importance,  for  in  rapid  travelling,  such  travelling  as  will  be 
introduced  upon  rail-ways,  the  breaking  of  a  rail  would  be 
attended  with  consequences  not  less  destructive,  than  the 
bursting  of  a  boiler  on  board  a  steam-boat. 

The  experiments  of  Mr  Wood  show,  that  wrought-iron 
rails,  3j\  inches  deep,  in  the  middle,  2y  inches  at  the  sup- 
ports, 2^  thick  at  the  top,  and  f  ths  in  the  body ;  the  length, 
between  the  supports,  being  three  feet,  and  the  weight  28 
pounds ;  will  bear  about  14,728  pounds,  without  producing  a 
permanent  bend  in  the  rail.  The  deflection  of  the  rail  under 
this  load,  was  .57  inch,  and  it  did  not  recover  its  original 
shape,  if  bent  much  more  than  this.  Wrought-iron  rails  of 
this  size,  are  considered  sufficient  to  bear  carriages,  which, 
with  their  load,  shall  weigh  4  tons ;  and  the  rails,  on  the  whole, 
are  taken  as  equivalent  to  the  cast-iron  rails  which  we  have 
before  noticed.  Much  diversity  of  opinion  prevails,  amongst 
engineers,  on  the  question  of  general  superiority  of  cast,  or 
wrought-iron  rail-ways.  The  difficulty  seems  to  be,  that  the 
facts,  in  the  case  of  wrought-iron  rails,  are  not  yet  well  ascer- 
tained ;  and  until  these  shall  be  fixed  by  experience,  opmions 
must  fluctuate  and  predictions  oppose  each  other. 
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An  opinion  is  very  prevalent  in  this  country,  that  beams  or 
strong  pieces  of  wooa,  with  thin  wrought-iron  tracks  upon 
their  faces,  will  form  rail-ways  more  suited  to  our  circumstan- 
ces, than  those  made  wholly  of  iion.  We  apprehend  that  the 
opinion  is  unsound.  The  cost  of  building  such  a  rail-way 
will  approach  more  nearly  to  that  of  building  one  of  iron  than 
is  generally  imagined,  xhe  force  of  traction  upon  it,  we 
have  good  reason  to  believe,  will  be  nearly  double ;  to  say 
nothing  of  its  being  half  of  the  time  impassable  for  want  of 
repairs,  and  we  know  not  how  much  of  the  time  from  under- 
going them.  An  argument  often  urged  in  favour  of  wood  is, 
that  a  rail-wav  in  this  country  would  be  an  experiment  and 
that  it  could  be  thus  more  cheaply  made  than  with  iron.  A 
rail-way  upon  any  route,  of  which  the  traffic  is  unknown, 
would  be  an  experiment.  But  the  rail-way  system  is  no 
longer  experimental ;  and  our  researches  and  proposed  dis- 
coveries in  thb  branch  of  art,  have  long  been  anticipated ; 
so  that  we  cannot  promise  to  ourselves  the  honours  of  inven- 
tion, as  a  reward  for  our  experiment. 

Several  kinds  of  turning  platforms  have  been  devised,  to 
permit  of  carriages  to  pass  each  other,  when  on  the  same  rail- 
way and  going  in  opposite  directions,  or  with  different  voloci-  - 
ties,  in  the  same  direction.  It  mav  be  unreasonable  to  expect 
that  any  device  of  this  kind  will  answer  the  end  so  well  as 
Wo  entire  rail-wavs ;  one  for  the  carriages  passing  in  one 
direction  and  another  for  those  running  in  an  opposite  course. 
But  even  with  two  sets  of  tracks,  the  turning  platforms  are 
necessary,  when  the  route  is  a  long  one,  to  permit  the  swift 
carriages,  carrying  passengers,  to  pass  the  common  convoy 
wagons;  and  this,  we  befieve,  is  the  practice  intended  in 
England.  But  on  the  great,  projected  rail-way  between  Man- 
chester and  Liverpool,  it  b  proposed  to  have  four  complete 
carriage-ways ;  to  provide  for  the  different  velocities,  as  well 
as  the  different  directions  of  the  carriages. 

At  an  early  period  of  the  English  rail-ways,  the  carriages 
were  mounted  upon  cast-iron  wheek.  It  is  evident  that  such 
wheels  make  less  resistance  than  those  made  of  wood,  from 
possessing  the  property  of  preserving  their  circular  form, 
against  the  force  of  the  load,  which  constantly  tends  to  flatten 
their  lower  limbs.  It  was  soon  found,  however,  that  wheels 
cast  in  the  common  sand  moulds  were  rapidly  worn  upon 
their  peripheries.  The  wheels  now  used  are  cast  In  a  hollow 
iron  cylinder,  with  which  the  metal,  which  forms  the  circum- 
ference of  the  wheel,  comes  •  in  contact  when  in  a  liquid 
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state ;  precise!/  in  the  manner  ia  which  rollers,  for  plating 
irony  are  cast.  This  method  of  casting  renders  the  wheels 
nearly  as  hard  as  a  file*  The  effect  is  generally  supposed  to  be 
produced,  from  the  metallic  mould  conducting  the  heat  from 
the  liquid  metal,  much  faster  than  is  done  by  sand,  or  any 
earthy  substance*  As  the  rims,  cast  in  this  manner,  shrink 
very  much  in  the  moulds,  it  has  been  found  impracticable  to 
form  a  sound  wheel  of  a  single  casting.  But  engineers  have 
surmounted  this  difficulty  by  forming  spokes  of  wrought4ron, 
which  are  first  fixed  to  the  nave,  that  being  cast  upon  them. 
They  are  then  laid  into  the  mould  prepared  for  the  rim,  into 
which  their  ends  project  a  little,  in  a  dovetail  form.  The 
rim  is  then  cast,  and  in  shrinking,  binds  the  whole  together 
with  great  firmness.  It  is  usual  to  make  the  s^pokes  a  little 
crooked ;  somewhat  in  the  form  of  an  S.  A  slight  flanch  is 
made  to  project  beyond  the  face  of  the  rim,  which  comes  in 
contact  with  the  rail  and  directs  the  wheel  upon  the  top  of  it. 
The  face  of  the  rim  or  bearing  part  of  the  circumference  is 
made  a  little  conical,  the  greatest  diameter  being  upon  the 
inside.  This  is  to  give  the  wheels  a  tendency  to  slide  mwards 
and  thus  keep  the  flanches  from  rubbing  against  the  rails. 
In  order  to  produce  this  effect  fully,  however,  it  would  seem 
that  the  outer  part  of  the  periphery  should  be  cylindrical, 
otherwise  the  two  cones  press  equally  in  opposite  directions, 
and  the  tendency  of  either  flanch  towards  the  rail  is  not  de- 
stroyed. The  wheels  do  not  revolve  upon  the  axles,  but  are 
fixed  firmly  upon  them,  the  axles  themselves  revolving  in 
boxes,  or  chairs,  as  they  are  called,  fixed  to  the  under  side 
of  the  carriage  frame.  The  wagon  bodies,  in  which  goods  are 
placed  for  transportation,  whether  drawn  by  horses  or  the 
steam  engine,  have  no  peculiarities  worth  noticing.  They 
are  simple  square  boxes  and  of  capacities  suited  to  the  trara: 
of  the  place* 

Before  noticing  the  resistance  necessary  to  be  overcome 
upon  a  rail-way,  it  may  not  be  unappropriate,  slightly  to  ex- 
amine the  resistance  which  a  common  road  presents  to  the 
passage  of  wheel  carriages. 

It  was  once  very  common  to  talk  and  to  write  of  the  fric- 
tion of  wheel  carriages  upon  roads,  as  the  principal  obstacle 
to  be  overcome  by  the  moving  force.  But  a  sitiall  part  of  the 
resistance,  however,  is  from  friction  of  any  kind.  On  the 
contrary  it  is  the  yielding,  or  breaking  down,  of  the  surface 
of  the  road,  that  destroys  the  greater  part  of  the  force  applied 
to  the  carriage.  Animals  are  worn  down,  not  so  much  in 
overcoming  the  friction  of  the  wheels  upon  their  axles,  or 
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ufx^n  the  road,  as  in  forming  ruts  and  dust.  Hence,  paved 
roads,  although  more  uneven,  occasion  less  resistance  than 
common  gravel  ways.  Carriages  move  yet  more  easily  over 
roads,  the  wheel  tracks  of  which  are  made  of  large  blocks  of 
stone  with  plane  faces.  Some  of  the  Roinan  roads  were  form- 
ed in  this  way,  and  the  streets  of  some  of  the  Italian  cities 
are  made  in  this  manner  at  the  present  time.  We  can  con* 
ceive  of  no  better  form,  except  the  iron  track. 

The  resistance  to  carriages  on  common  roads  is  too  varia- 
ble to  admit  of  any  general  expression  in  the  form  of  a  law. 
It  may  be  well  enough,  however,  to  notice  that  it  arises  from 
the  friction  of  the  wheels  upon  the  axles,  from  the  force  which 
the  wheels  and  the  surfece  of  the  road,  or  the  materials  of 
which  it  is  composed,  are  capable  of  exerting  to  preserve 
their  form,  when  that  force  is  less  than  the  weight  of  the  car- 
riage ;  and  from  raising  the  load  over  asperities  of  an  unyield- 
ing nature.  The  falling  of  the  carriage,  however,  after  hav- 
ing surmounted  asperities  of  the  last  kind,  is  auxiliary  to  the 
moving  force. 

The  resistance  to  the  passage  of  boats  upon  canals  arises, 
almost  wholly,  from  displacing  the  Water,  and  it  is  well  known 
that  the  resistance  at  different  velocities,  is  very  nearly  as  the 
squares  of  those  velocities. 

Carriages,  running  upon  well  constructed  iron  rail-ways, 
are  resisted  by  the  friction  of  the  wheels  upon  their  axles  and 
upon  the  rails,  by  the  inertia  of  the  load,  and  by  the  air ;  the 
resistance  from  all  other  causes  being  too  small  to  be  taken  into 
the  account.  Of  the  three  elements  here  specified,  as  forming 
the  resistance,  one,  the  inertia  of  the  load,  vanishes  altogether 
after  the  required  velocity  is  obtained*  It  forms,  therefore, 
but  a  small  proportion  of  the  resistance  to  passing  a  load  any 
considerable  distance ;  and  the  resistance  of  the  air,  under 
ordinary  circumstances,  is  hardly  appreciable.  Both  of  these 
resistances,  then,  are  things  of  curiosity  in  researches  of  this 
nature,  rather  than  serious  impediments  to  the  motion  of  car- 
riages. As  friction,  therefore,  constitutes  the  principal  resist- 
ance to  be  overcome,  it  has  been  considered  of  great  import- 
ance to  investieate  thoroughly  its  laws,  so  as  to  place  it  within 
the  reach  of  calculation  to  determine  the  amount  of  resistance 
to  any  load  under  any  given  conditions. 

£xpmments  have  been  made  by  some  very  judicious  en- 
gineers,  upon  different  kinds  of  rail-ways  to  ascertain  with 
accuracy  the  relations  of  the  rail-way,  the  carriage,  the  load, 
and  the  velocity  to  the  resistance,  and  it  is  satisfactory  to  ob« 
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serve,  that  in  general,  the  conclusions  of  Vince  and  Coulojnb, 
regarding  the  laws  of  the  resistance  from  friction,  have  been 
confirmed.  It  appears  to  have  been  established,  that  the  re- 
sistance to  the  same  load,  is  always  the  same,  with  whatever 
velocity  it  is  moved*  As  the  superiority  of  rail-ways  to  ca- 
nals must  rest  mainly  upon  this  fact,  we  shall  relate  some  of 
the  experiments  which  seem  distinctly  to  prove  it.  Messrs 
Wood  and  Stevenson  made  a  dynamometer,  the  index  of 
which  was  drawn  to  the  first  point  of  its  graduation  by  a 
weight.  This  was  affixed  to  si  carriage  which,  with  its  load, 
weighed  8456  lbs.  ■  The  carriage  was  drawn  by  men,  on  an 
edge  rail-way,  through  the  medium  of  the  dynamometer,  and 
various  velocities  were  given  it  from  134  to  397  feet  in  a  min- 
ute ;  yet  the  dynamometer  always  indicated  a  resistance  of  56 
pounds.  By  another  kind  of  contrivance,  by  Mr  Roberts,  the 
velocity  was  varied  from  the  rate  of  2,  to  tnat  of  23  miles  in 
an  hour ;  yet  the  dynamometer  always  indicated  the  same  re- 
sistance. In  a  great  number  of  experiments  made  by  sufiei^ 
ing  carriages  to  run  down  an  inclined  rail-way,  the  spaces 
passed  over  in  difierent  times  were  found  to  be  to  each  other 
as  the  squares  oi  those  times  respectively ;  thus  proving  that 
the  friction  was  a  force  as  constant  in  retarding,  as  the  gravis- 
ty  of  the  carriage  was  constant  in  accelerating  the  motion. 

Nothing,  therefore,  seems  better  established,  than  that  the 
resistance  from  friction  is  uniform  and  wholly  uninfluenced 
by  the  velocity  of  the  moving  body.  It  must  not  be  conclud- 
ed from  this,  however,  that  it  requires  as  little  expense  of 
force  to  move  a  load  against  this  resistance  during  a  given 
time,  at  a  high,  as  at  a  low  velocity,  or  that  a  carriage  may 
be  moved  two  miles  an  hour,  as  easily  as  one  mile.  There 
has  been  considerable  misconception  upon  this  subject,  and 
we  apprehend  that  it  has  arisen  from  nedecting  to  consider 
the  velocity  with  which  a  force  is  applied,  or  suffered  to  act, 
as  an  element  in  measuring  the  effect  of  such  force ;  or  that 
the  forces  of  the  different  points  of  any  machine,  however 
driven,  are  inversely  as  the  velocities  of  those  points.  Bear- 
ing this  law  in  mind,  we  shall  perceive,  that  altnough  a  resist- 
ance, as  friction,  be  uniform  at  all  velocities,  any  force,  which 
we  can  apply,  to  overcome  it,  depends  upon  the  velocity  with 
which  it  is  made  to  act  upon  it,  and  is  always  in  a  proportion 
inverse  to  that  velocity.  The  velocity  of  animals,  as  we  shall 
have  occasion  hereafter  to  notice,  cannot  be  increased  with- 
out diminishing  their  force  yet  more  than  would  be  assigned 
by  the  simple  inverse  proportion. 
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We  have  seen  that  the  amount  of  the  friction  is  the  same 
in  all  velocities  and  it  was  likewise  long  ago  established,  b^ 
Coulomb,  that  the  friction,  of  the  same  rubbing  surfaces,  is 
in  direct  proportion  to  the  load,  without  any  relation  to  the 
size  of  the  rubbing  surfaces.  The  force  required  to  overcome 
the  friction  at  the  axle  of  a  carriage,  however,  is  very  much 
influenced  by  the  proportion  which  the  diameter  of  the  axle 
bears  to  that  of  the  wheel*  The  principal  benefit  of  wheels, 
when  used  in  passing  over  smooth  and  level  surfaces,  is  in 
giving  a  mechanical  advantage  by  the  lever,  into  which  the 
wheel  may  be  resolved,  to  overcome  the  friction.  We  shall 
conceive  of  this  more  easily  by  supposing  the  carriage  to  be 
fixed  and  the  plane,  as  a  rail-way,  to  move.  The  relative 
motions  of  the  two  bodies  in  this  arrangement  are  the  same 
as  though  the  carriage  moved  over  the  plane*  Then,  if  we 
take  the  centre  of  the  axle  as  the  fulcrum  of  a  lever,  and  the 
radius  of  the  wheel,  which  is  directed  to  the  rail-way,  as  one 
of  its  arms,  to  which  the  force  is  applied,  and  consider  the 
resistance  acting  on  the  circumference  of  the  axle,  as  collected 
into  any  point  on  that  circumference,  we  have  the  other  arm  of 
the  lever,  equal  in  length  to  the  radius  of  the  axle*  Thus 
the  mechanical  advantage  obtained  by  wheels,  in  overcom- 
ing the  friction,  is  in  the  proportion  of  the  radius  of  the 
wheels,  to  that  of  the  axles ;  and  it  follows  from  this,  connected 
with  what  we  have  previously  stated,  regarding  friction,  that 
if  the  friction  were  the  only  obstruction  to  be  overcome  by 
the  moving  force,  the  velocity  of  a  carriage,  driven  by  a  force 
of  a  given  magnitude,  would  become  directly  proportional  to 
the  oiameter  of  the  wheels,  the  axles  remaining  of  the  same 
size* 

Mr  Tredgold  made  some  experiments  with  a  little  car- 
riage having  two  sets  of  wheels,  one  of  8  and  one  of  4  inches 
diameter,  from  which  he  concluded  that  the  resistance  is  al- 
most wholly  confined  to  the  axles,  when  the  rails  are  smooth 
and  clean,  and  that,  all  other  things  being  equ^l,  an  increase 
in  the  diameter  of  the  wheels  is  attended  with  a  correspond- 
ing increase  in  the  velocity  of  the  carriage.  The  experiments 
of  Mr  Wood,  made  with  a  view  to  decide  this  question,  are 
worth  relating.  He  attached  to  a  locomotive  engine,  having 
wheels  of  3  feet  diameter,  a  train  of  carriages  weighing 
73]jcwt*  These  were  moved,  upon  a  rail-way,  a  distance 
of  36  miles  in  9  hours  and  35  minutes ;  during  which  time  the 
engine  required  2534  pounds  of  coals  and  890  gallons  of  water 
evaporated  under  a  pressure  of  fifty  pounds  per  inch*    The 


3Z2  On  RaiU'Roads  and  Locwnotioe  Machines. 

wheels  of  the  engme  carriage  were  then  taken  off  and  others, 
of  4  feet  diameter,  substituted  in  their  place.  The  same  con- 
sumption of  coaLs  and  water  then  carried  the  same  load  over 
48*8  miles;  thus  increasing  the  effect  rather  more  than  in  the 
simple  ratio  of  the  diameters  of  the  wheels.  The  strongest 
objection  to  these  experiments  is,  that  they  prove  too  much, 
for  the  wheels  of  the  carriages  connected  with  the  engine 
were  in  .both  experiments  the  same ;  this  part  of  the  resist- 
ance therefore,  remained  the  same,  while  the  velocity  was  in- 
creased in  the  direct  ratio  of  the  increase  of  the  diameter  of 
the  engine  wheels  alone.  Mr  Wood  seems  to  be  somewhat 
aware  of  this  difficulty,  and  attempts  to  explain  it;  his  explaor 
ation,  however,  is  not  satisfactory. 

The  resistance  from  friction  when  the  rubbing  surfaces  are 
favourable,  such  as  iron  upon  brass  and  well  smeared  with 
oil,  was  found  by  Coulomb  to  be  about  equal  to  1 1  per  cent 
of  the  load.  From  the  experiments  made  by  Mr  Tredgold, 
with  his  little  carriage,  it  is  deduced  thait  the  friction  amounts 
to  a  resistance  equivalent  to  raising  |  of  the  weieht,  directly 
upwards.  But  the  experiments  of  Mr  Wood,  made  with  large 
carriages  fully  loaded,  give  the  resistance  of  friction  as'equal 
to  about  j\  of  the  load.  This  is  the  resistance  which  would 
be  opposed  to  the  motion,  if  the  load  were  to  slide  upon 
a  plane,  polished  and  oiled  as  perfectly  as  the  boxes  in  which 
the  axles  of  the  carriage  wheels  revolve.  But  as  axles  3| 
inches  in  diameter,  are  strong  enough  to  sustain  a  load  as 
great  as  ordinary  rail-ways  will  bear,  by  using  upon  such 
axles,  wheels  3  feet  in  diameter,  the  resistence  is  reduced  to 
tVt  of  ^^^  ^^^  th^t  i^  would  amount  to,  if  the  carriage 
were  to  slide  directly  upon  a  smooth  and  oiled  rail-way. 
From  this  we  see,  that  upon  a  good  rail-way,  and  with  wheels 
and  axles  of  the  proportions  nere  stated,  the  resistance  is 
but  xV  of  jW  ;  equal  to  about  j\^  of  the  weight  of  the 
load,  drawn  directly  upwards.  The  resistance  upon  a  com- 
mon road  may  be  taken  as  about  equal  to  ^j  of  the  load. 
The  resistance  upon  a  canal  is  found,  as  we  have  before  ob- 
served, to  vary,  nearly  as  the  square  of  the  velocity ;  it  is 
equal  to  j\j  part  of  the  weight  of  the  floating  mass,  when 
the  velocity  is  about  4^  miles  an  hour.  This  speed,  however, 
it  should  be  remarked,  is  not  that  required  for  a  maximum 
effect,  to  produce  which,  the  velocity  should  be  the  least  pos- 
sible ;  as  any  load  may  l>e  quadrupled,  and  moved  at  half 
the  former  velocity,  by  a  given  force  of  traction.  But  the 
end  of  transportation  could  not  be  answered  if  this  fact  were 
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followed ;  and  many  circumstances  make  it  necessai-y,  that 
canal  boats  should  not  move  slower  than  3|  miles  an  hour» 
At  this  rate  of  motion,  the  resistance  is  equal  to  about  j  j^  of 
the  load)  and  with  such  a  velocity  the  effect  of  a  given  force^ 
upon  a  canal,  is  about  three  times  that  of  the  same  force^  upon 
a  rail-way« 

The  only  forces  applied  to  move  carriages  upon  level  rail- 
ways or  those  differing  but  little  from  that  direction,  are  horses 
and  the  steam-engine.  In  some  cases,  where  the  rail-ways 
are  short,  much  inclined,  and  the  traffic  descending,  the  loaded 
carriages  are  made  to  drag  up  a  set  of  empty  ones.  We 
shall  confine  ourselves,  however,  to  the  consideration  of  such 
forces  as  are  suited  to  the  purposes  of  general  intercourse. 

The  mode  of  applying  horses,  to  carriages,  upon  rail-ways 
differs  in  no  essential  degree  from  that  common  upon  other 
roads.  The  horse  is  harnessed  to  a  carriage,  and  as  few 
raiWays  are  calculated  to  bear  more  than  5  tons,  distributed 
upon  four  wheels,  if  the  way  be  level,  two  or  three  more  car- 
riages, with  like  loads,  are  so  attached  as  to  be  drawn  after 
the  first  oarriage. 

The  force  of  a  horse,  as  it  is  well  known,  has  been  estimat- 
ed differently  by  those  who  have  examined  it.  Dr  Desagu- 
liers  considered  it  sufficient  to  raise  27,500  pounds  1  foot  high 
in  a  minute.  Mr  Smeaton  took  the  equivalent  weight  at 
22,916  pounds;  Mr  Watt  32,000  pounds;  and  M.  Schuize  at 
about  60,000  pounds.*  All  the  numbers  here  given,  seem,  from 
the  actual  performance  of  horses  upon  rail-ways,  too  high. 
At  the  Backworth  colliery  edge-road,  the  performance  of  the 
horses,  as  given  by  Mr  Wood,  is  equal  to  24,000  pounds, 
raised  one  foot  high  in  a  minute.  But  at  the  Killingworth 
colliery  it  amounts  to  but  18,200  pounds.  All  these  horses, 
he  says,  are  very  large  and  powerful.  The  space  they  travel 
through  in  a  day  is  about  19  miles,  and  the  mean  resistance, 
in  the  first  instance,  is  1 15  pounds,  and  in  the  last,  109  pounds 

—  I  —I ^  .1  «■    I  ■■       I-  .1  . -  .    ,       a  ■■  .1  ■ -I 

*  An  adrentitioiis  importance  is  given  to  the  fact  involved  in  this  ease, 
from  the  eircunutance,  that  the  hone  power  has  been  taken  as  the  standard 
measure  for  other  forces.  When  so  applied^  the  number  assigned  by  Mr 
Watt  18}  we  believe,  always  used,  and  it  is  not  probable  that  this  quantity 
ivill  be  altered,  in  this  application,  however  it  may  be  proved  to  exceed  the* 
aetual  foree  of  the  animal.  It  Sa  a  very  convenient  qoantity,  to  form  the 
unity  and  having  once  become  definite,  by  being  the  sign  for  a  known  weighty 
raised  throueh  a  given  space,  in  a  given  time,  any  discovery,  that  the  force, 
from  'wfalch  it  was  derived,  is  not  its  exact  equivalent,  ought  not,  and,  proba- 
bly >  Dvill  not  have  any  more  effect  to  alter  it,  than  discoveries  of  the  samd 
kind,  ivhich  may  have  been  made  relating  to  the  kernel  of  wheat  or  the 
haman  arm,  have  had,  to  alter  the  grain  weight  or  the  lineal  yard. 
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to  a  horse.  The  rail-ways  are  a  series  of  planes,  varyiDg 
considerably  in  inclination,  so  that  in  some  of  the  descents 
the  resistance  of  the  carriages  is  negative ;  while  at  one  of 
the  ascents  it  amounts  to  314  pounds  to  each  horse.  From 
this  circumstance  the  load  is  not  such  as  has  been  assigned 
for  a  maximum  effect ;  yet  this  is  in  some  degree  counter- 
balanced by  the  change  of  position  affording  relief  to  the 
animal. 

The  law  of  the  decrease  of  the  force  of  animals  as  the  ve- 
locity of  their  motions  is  increased,  is  worthy  of  great  atten- 
tion in  connexion  with  the  subject  before  us.  It  is  well 
known  that  an  animal  can  exert  its  greatest  force,  when  the 
resistance  remains  at  rest ;  but  here,  no  effect  is  produced. 
A^ain,  when  the  velocity  is  increased  to  a  certain  degree,  the 
whole  effort  of  the  animal  is  required  to  keep  his  own  bodv 
in  motion,  and  in  this  condition,  likewise,  the  effect  is  null. 
All  velocities  under  this  are  productive  of  useful  effect,  and 
mathematicians  have  investifated  the  subject  to  assign  the 
actual  effects  produced  at  different  velocities.  Euler  was 
the  first  to  propose  a  formula  for  expressing  the  law  of  animal 
force.  In  this  he  takes  P,  to  represent  the  weight  which  the 
utmost  effort  of  an  animal  is  just  able  to  overcome;.  W,  a 
weight  with  which  it  may,  at  any  time,  be  loaded ;  v,  the  ve* 
locity  with  which  it  moves  when  so  loaded ;  and  c,  that 
velocity  at  which  the  animal  can  merely  carry  its  own  body. 

He  then  takes  W  =  P^1 2)^^  expressing  all  the  condi- 
tions required.  Professor  Playfair  has  changed  this  formula 
toW  =  Pf^l-: — j  .     This  differs  considerably  from  the 

original,  in  the  effect  which  it  assigns  to  all  useful  velocities ; 
but  he  appears  to  have  much  conndcnce  that  the  expression, 
as  he  has  given  it,  is  near  the  truth.  Now,  if  we  take  the  re- 
sistance of  the  greatest  load  drawn  by  a  horse  on  the  Back- 
worth  colliery  rail-way,  as  a  value  of  r ;  and  take  the  actual 
value  of  V,  upon  the  same  rail-way,  2|  miles  an  hour,  and  as- 
sume c  =  1 2,  we  obtain  1 96  pounds  for  the  value  of  W  ;  this 
exceeds  the  average  performance  of  the  horses  upon  the 
above  rail-way  ;  which  is  but  1 1 5  pounds,  and  although  the 
variation  of  the  resistance,  as  we  have  before  said,  on  this 
rail-way,  is  not  favourable  to  a  high  performance,  the  formu- 
la has  the  benefit  of  the  low  value  assigned  to  P,  which  is  not 
such  as  requires  the  utmost  effort  of  the  animal  to  overcome ; 
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but  such  as  he  actually  draws  through  a  distance  of  330 
feet* 

Professor  Leslie  has  given  a  very  simple  formula  for  the 
draueht  of  horses.  It  is  (12 — t)'  ;  v  denoting  the  velocity 
in  miles  an  hour*  It  assigns  precisely  the  same  effect  as  the 
last  of  those  before  given,  if  P  were  taken  =144  pounds; 
and  this  produces  a  very  near  correspondence  to  the  per- 
formance npon  railways. 

We  Liay  perhaps,  without  any  great  error,  consider  the 

above  equation  of  Professor  Playfair,  as  giving  the  draught, 

which  a  horse  is  capable  of  continuing  for  20  miles  a  day ;  if 

^  we  take  P  equal  to  half  the  weight  that  the  utmost  efforts  of 

'  the  animal  can  overcome.* 

Very  few  horses  can  carry  any  load  at  the  rate  of  12  miles 
an  hour.  Carriages,  therefore,  cannot  be  drawn,  even  on  rail- 
ways, at  this  velocity,  by  horses.  It  is  not  unlikely  that  10 
miles  is  within  the  reach  of  travelling.  This  velocity,  how- 
ever, is  much  above  that  proper  for  a  maximum  effect ;  which 
is  produced,  or  the  greatest  quantity  is  moved  through  a  giv- 
en space,  in  a  given  time,  when  the  velocity  is  about  4  miles 
an  hour. 

There  are  two  methods  of  applying  the  steam-engine  to  the 
movement  of  carriages.  One  of  these,  which  was  first  pro- 
posed, we  believe,  by  Mr  Edgeworth,  is  to  communicate  the 
motion  from  fixed  engines,  by  chains,  passing  along  the  road, 
which  may  be  supported  upon  pulleys,  both  to  prevent  their 
wear,  and  to  avoid,  in  a  great  degree,  the  loss  of  the  force  of 
the  engine,  in  the  friction  of  the  chain.  This  method  is  not 
generally  expected  to  prevail.  The  great  length  of  the 
chains,  extended  beyond  the  control  of  the  superintendents, 
and  the  difficulty  of  crossing  common  roads  by  them,  are  ob- 
jections which  have  hitherto  prevented  its  adoption. 

Although  locomotive  engines  had  been  projected  by  Dr 
Robison  and  Mr  Watt  almost  seventy  years  ago,  it  does  not 
appear  that  any  such  engine  was  actually  built  until  1804, 
when  Mr  Trevithick  put  one  in  operation  upon  a  rail-way  in 
Wales,  which  travelled  at  the  rate  of  five  miles  an  hour,  and 
drew  after  it  carriages  loaded  with  ten  tons  of  iron.    The 

m 

*  Mr  Wood  has  given  —  ',  v  being  the  miles  an  hour,  for  the  power  of  a 

V 

horse.  It  is  obviously  erroneous,  as  it  assigns  an  effect  at  all  velocities ; 
-whereas,  it  is  evident  that  at  a  certain  speed,  the  effect  must  vanish  or_  be- 
come =  0. 

Bost  Jour.  April  fy  May,  1826.  49 
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experiment,  however,  does  not  seem  to  have  been  successful, 
and  the  failure  was  attributed  to  the  liability  of  the  wheels  to 
turn  upon  the  rails,  the  carriage  remaining  stationary,  instead 
of  rolling  upon  them  and  bearing  the  carnage  over  the  plane. 
To  obviate  these  supposed  detects,  Mr  Blenkinsop,  in  18tl, 
built,  near  Leeds,  a  rail-way  and  connected  with  the  rails  a 
rack,  which,  by  means  of  co^-wheels  connected  with  the  car- 
riage and  turned  by  the  engme,  ensured  the  progressive  mo- 
tion of  the  carriage.  This  apparatus  is  yet  in  use,  but  subse- 
quent experience  has  shown,  that  the  rack  may  be  dispensed 
with,  on  level  rail-ways  or  those  having  but  slight  ascents. 

The  locomotive  engines,  as  now  built,  are  among  the  most 
beautiful  specimens  of  modern  engineering.  Simple  as  this 
application  of  steam  may  appear  on  a  cursory  examination, 
no  one  can  study  its  difficulties  thoroughly,  who  will  not  ad- 
mire the  skill  With  which  they  have  been  combatted,  if  not 
wholly  subdued. 

We  have  given,  Plate  II.  a  figure  of  the  locomotive  engine 
used  at  the  Killingworth  rail-way.  This  figure  and  the  de- 
scription are  copied  from  Mr  Wood's  work.  The  figure  re- 
presents a  side  view  of  the  locomotive  engine  with  a  portion 
of  its  convoy  carriage,  to  the  right  of  which  the  train  of  car- 
riages bearing  the  load  are  attached. 

^'  The  boiler  is  of  malleable  iron,  cylindrical  with  hemis- 
pherical ends.  A  cylindrical  tube  passes  through  the  boiler, 
within  2  inches  of  the  bottom ;  in  one  end  of  the  tube  the  fire 
is  put,  and  the  other  end  is  terminated  by  a  chimney.  The 
grate,  whereon  the  fire  is  laid,  is  placed  rather  below  the 
middle  of  the  tube,  and  reaches  about  4  feet  within  it,  resting, 
at  the  farther  end,  upon  a  narrow  partition  of  brick,  closing 
up  the  lower  side  of  the  tube  below  the  bars.  F  shows  the 
fire  door,  which  at  the  tube  end  of  the  fire  closes  up  the  up- 
per side  of  the  tube,  thus  forcing  the  air  through  the  fire  in 
the  usual  manner.  The  boiler  rests  upon  a  square  frame  of 
maleable  iron,  supported  by  the  steam  cylinders  a  Oy  two  on 
each  side,  7  inches  in  diameter.  The  cylinders  K  K  are 
placed  partly  within  the  boiler,  as  shown  in  the  drawing ;  they 
are  9  inches  in  diameter,  and  are  lined  with  sheet  copper ; 
the  piston  rods  work  through  stuffing  boxes  in  the  usual  way, 
and  are  attached  to  cross  beams  B  and  C,  sometimes  formed 
of  one  piece  and  sometimes  of  more  than  one.  The  rectili- 
near motion  of  the  piston  rod  is  secured  by  the  guides  s  f,  fest- 
ened  to  the  projecting  arms  c  c,  cast  upon  the  top  of  the  cyl- 
inder    and  kept  perpendicular  by  the  braces  b  b*    The 
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connecting  rods  B  D  and  C  D  are  fixed  upon  the  ends  of  the 
cross  beams  by  joints  and  at  the  other  end  by  a  pin  fixed  to 
one  of  the  spokes  of  the  engine  wheels  at  D  D.  To  strength* 
en  this  spoke,  a  circular  piece  of  metal  attaches  the  two  ad* 
joining  spokes  with  it. 

^^  The  wheels,  as  shown  in  the  drawing,  are  4  feet  in  diame- 
ter and  are  made  of  cast-iron  with  circular  naves,  rimmed 
out  to  fit  the  axle,  and  fastened  to  it  by  means  of  iron  keys. 
The  axles  are  of  wrought-iron  about  3|  inches  in  diameter, 
and  are  turned  perfectly  round  where  the  chair  comes  upon 
them,  and  also  at  the  extreme  end  where  they  pass  into  the 
nave  of  the  wheel. 

^  The  chairs,  on  which  the  engine  rests  upon  the  axles,  are 
made  of  brass,  4  inches  broad,  and  reach  to  the  semi-circum* 
ference  of  the  axles.  They  are  at  liberty  to  move  up  and 
down,  to  conform  to  the  inequalities  of  the  road.  Two  of 
these  chairs  are  fixed  upon  the  frame  of  the  carriage  and  the 
other  two  are  moved  backwards  and  forwards  by  a  sliding 
groove  upon  the  frame  to  keep  the  chain  sufiiciently  tight. 
The  frame  is  made  of  wrought  iron  welded  together ;  on  this 
the  bearing  cylinders  are  fastened  by  bolts,  with  a  joint,  per- ' 
fectly  steam-tight. 

^  The  steam  is  communicated  from  the  boiler  to  the  cylin- 
der, through  a  passaee,  the  area  of  which  is  regulated  by  the 
sliding  lever  or  handle  o,  which,  of  course,  restricts  the  quan- 
tity and  regulates  the  velocity  of  the  engine.  The  steam  is 
admitted  to  the  top  and  bottom  of  the  piston  by  means  of 
a  sliding  valve ;  which,  being  moved  up  and  down  alternately, 
opens  a  communication  between  the  top  and  bottom  of  the 
cylinder  and  the  pipe  d  <2,  that  is  open  into  the  chimney  and 
turns  up  within  it. 

^  The  steam,  after  performing  its  ofiice  within  the  cylinder, 
is  thus  thrown  into  the  chimney,  and  the  power  with  which  it  is- 
sues will  be  proportionate  to  the  degree  of  elasticity ;  and  the 
exit,  being  airected  upwards,  accelerates  the  velocity  of  the 
current  of  heated  air  accordingly.  The  action  of  the  steam 
engine  is  now  so  well  known,  that  it  will  not  be  necessary  to 
describe  the  mode  by  which  the  rectilinear  motion  of  the  pis- 
ton is  converted  into  the  rotary  one  of  the  wheels,  and  the 
progressive  motion  of  the  carriage  thereby  effected.  A  slight 
inspection  of  the  plate  will  convey  to  those  who  have  the 
slightest  knowledge  of  machinery,  the  manner  in  which  it  is 
done,  as  nothing  can  be  more  simple  and  effective. 

^^  The  sliding,  or  steam  valve  is  opened  and  shut,  at  the 
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proper  periods,  by  the  following  contrivance  (represented  at 
Fig.  7) ;  a  i  is  a  lever  fastened  upon  and  turning  round  with 
the  axle  of  the  carriage,  b  c  is  a  circular  opening  in  the  eccen- 
tric circle  d  e,  within  which  a  pin,  attached  to  the  end  of  the 
lever  a  6,  is  at  liberty  to  move.  This  eccentric  circle  is 
loose  upon  the  axle  of  the  carriage,  and  is  only  turned  round 
when  the  pin,  at  the  end  of  the  lever  a  6,  arrives  at  b  a  c,  ac- 
cording to  the  direction  in  which  it  is  moving.  A  circular 
hoop  or  strap  of  iron  fits  the  circumference  of  the  eccentric 
motion  connected  to  the  lever  fg  A,  which  is  moved  back- 
wards and  forwards  as  the  axle  turns  round ;  as  this  lever  is 
moved,  its  motion  is  communicated  to  the  arm  t  /r,  which  is 
shown  also  at  Fig.  6,  and  through  it  by  the  lever  A;  I  and  rod 
/  m,  to  the  cross  head  m  n  and  so  to  the  rod  n  o  of  the  sliding 
or  steam-valve,  which,  as  the  carriage  is  moved  forwards,  is 
thus  moved. up  and  down  to  open  and  shut  the  communica- 
tion between  the  two  sides  of  the  cylinder  and  the  boiler,  at 
proper  periods,  /t  is  a  screw  by  which  the  time  of  opening 
the  valve  can  be  altered,  p  is  the  man^hole  door,  to  have  ac- 
cess into  the  interior  of  the  boiler;  v  is  the  safety-valve  load- 
ed with  the  weight  W,  corresponding  with  the  pressure  of 
steam,  which  it  is  found  requisite  to  retain  within  the  boiler. 

''  The  boiler  is  supplied  with  water  by  means  of  a  small 
forcing-pump,  fixed  to  the  side  of  the  boiler  and  worked  by  a 
rod  attachea  to  the  cross  beam  of  the  engine.  The  diameter 
of  this  pump  is  very  small,  so  that  the  quantity  of  water  in- 
jected shall  not  reduce  the  temperature  of  the  steam,  in  the 
boiler,  so  as  to  be  injurious,  and .  prevent  the  regular  supply 
of  steam  to  the  cylinder.  The  quantity  of  water  required  not 
being  great,  it  is  pumped  in  at  proper  intervals,  when  the 
draught  is  easy  and  when  the  pressure,  for  the  load  of  steam, 
is  not  required  to  be  very  sreat. 

^  When  the  engine  is  used  for  travelling,  the  boiler  is  inclos- 
ed within  a  wooden  covering  consisting  of  thin  narrow  deals, 
to  prevent  the  radiation  of  heat;  when  this  is  not  done,  the 
wind  has  a  great  effect  in  reducing  the  temperature,  by  the 
rapid  abstraction  of  heat.  The  water  and  coals,  required  for 
the  regular  wants  of  the  engine,  are  carried  in  the  convoy 
carriage  Y,  attached  to  the  engine.  The  size  of  this  and  the 
quantity  carried,  will,  of  course,  depend  upon  the  length  of 
the  stages  the  engine  has  to  travel,  or  the  convenience  of  ob- 
taining a  supply. 

''  The  train  of  carriages  moved  by  the  engine  is  most  fre- 
quently attached  to  the  convoy  carriage ;  but  the  engine  can 
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also  drive  the  carriages  in  front,  by  propelling  them  forward ; 
but  this  is  very  liable  to  drive  the  carriage  off  the  road, 
especially  when  turns  or  curves  in  the  line  of  the  road 
occur. 

^  The  endless  chain  is  for  keeping  the  cranks  of  the  engine 
in  the  proper  angles  with  respect  to  each  other.  Many  plans 
have  been  devised  to  obviate  the  use  of  this  chain,  but  noth- 
ing superior  has  vet  been  devised.  The  locomotion  of  this 
engine,  is  effected  by  the  action  of  the  wheels  upon  the  rail 
without  the  aid  of  any  extraneous  mechanism,  and  consists  of 
the  hold  or  adhesion  of  the  surface  of  the  wheels  against  the 
surface  of  the  rail.  The  raiumalt  of  the  action  will  be  very 
evident  by  an  inspection  of  the  drawing,  the  power  of  the 
steam  in  tne  cylinaers  is  employed  to  turn  the  wheels  of  the 
engine  round,  by  a  pin  fixed  in  one  of  the  spokes  of  the 
wheels,  and  acting  as  a  common  crank ;  these  wneels  resting 
on  the  rail,  press  upon  them  with  a  force  equal  to  the  weight 
of  the  engine  divided  into  the  number  of  wheels ;  thus,  sup- 
pose there  are  four  wheels,  then  the  pressure  of  the  periphery 
of  rach  wheel,  upon  the  surface  of  tne  rail,  is  equal  to  one- 
fourth  of  the  weight  of  the  engine.  Now  it  is  well  known, 
that  when  two  sur&ces  are  in  contact,  and  subjected  to  a  cer- 
tain pressure,  it  requires  a  certain  force  to  cause  them  to  slide 
upon  each  other ;  that  property  in  bodies  to  resist  sliding  is 
called  adhesion  of  the  surfaces.  Suppose,  then,  the  power  of 
the  cylinders  be  employed  to  turn  tne  wheels  of  the  engine 
round,  this  property  of  bodies,  in  contact,  will  prevent  the 
wheels  of  the  engine  from  sliding  upon  the  rail,  with  a  force 
equal  to  their  weight,  or  pressure,  and  they  will  roll  along  the 
surface.  If,  however,  the  progressive  motion  be  opposed  to 
a  retarding  force,  greater  than  the  force  or  powers  of  adhe- 
sion, then  the  surfaces  will  slide  upon  each  other ;  and  the 
rotary  motion  of  the  wheels  will  be  con  tinned,  without  effect- 
ing a  progressive  motion  of  the  engine.'' 

pfotning  can  be  more  beautiful  than  the  method  of  keeping 
the  weight  of  the  engine  equally  divided  upon  the  wheels  by 
means  of  the  steam  cylinders.  These  cylinders  are  accurate- 
ly bored  and  open  into  the  boiler.  They  have  pistons  fitted 
to  them,  which  are  connected  with  the  chairs,  which  rest  upon 
the  axles  of  the  wheels.  The  area  of  all  the  pistons  is  such, 
that  the  pressure  of  the  steam,  in  the  boiler,  upon  their  top 
surfaces,  is  nearly  sufficient  to  raise  the  whole  boiler  and  its 
appendages,  upon  them.  They  therefore  form  springs,  the 
elasticity  of  which  is  nearly  constant,  at  whatever  place  the 
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pistons  may  be  in  the  cylinders,  and  thus  keep  the  {M^essure 
equally  distributed  upon  the  wheels,  however  the  rail-way 
may  oeviate  from  a  plane. 

The  weight  of  the  engine  here  described,  including  a  sup« 
ply  of  water  in  the  boiler,  is  16,800  pounds.  As  the  progres- 
sive motion  depends  upon  the  rolling  of  the  wheels,  an  effect 
which  results  from  the  virtual  friction,  that  is,  the  friction 
which  would  result  were  a  sliding  of  the  wheels  upon  the  rails 
to  be  induced,  a  great  weight  of  the  en^ne,  however  desira* 
ble  it  would  be,  from  other  considerations,  to  reduce  it,  is 
necessary,  for  were  the  wheels  not  pressed  forcibly  upon  the 
rails,  the  action  of  the  engine  would  give  them  a  rotary,  while 
the  resistance  of  the  convoy  carriages  would  prevent  their 
progressive  motion.  It  has  been  shown  by  Mr  Wood  that  under 
uhfavourable  circumstances, — and  these  alone  furnish  a  safe 
basis  for  the  calculations  in  engineering,— the  wheels  of  the 
locomotive  engine  will  not  slide  upon  the  rails,  unless  the  re- 
sistance to  their  rolling  is  ^'jth  part  of  the  weight  which  they 
sustain.  Hence,  upon  a  level  rail-way,  a  locomotive  engine 
will  drag  a  train  of  loaded  carriages  having  7*3  times  the 
weight  of  the  engine.  But  when  the  ascent  becomes  more 
than  9?  1 T  about  ^^th  of  the  length,  the  wheels  will  slide 
rather  than  drag  any  load  after  them.  These  machines, 
as  now  constructed,  and  using  steam  of  an  elastic  force  of  50 
pounds  to  the  inch,  have  a  force  sufficient  to  draw,  upon  a 
level  way,  a  train  after  them,  of  5  times  their  own  weight,  at 
the  rate  ojf  5  miles  an  hour,  and  an  engine,  however  great  its 
force,  drawing  such  a  relative  weight  m  its  train,  could  not 
ascend  an  elevation  of  even  1%  as  the  resistance  would  then 
become  more  than  jV^'^  ^^  ^^^  weight  of  the  engine,  and  its 
wheels  would  slide  upon  the  rails,  without  progressing.  Hence, 
should  the  progress  of  discovery  lead  to  the  construction  of  a 
8team*engine,  in  which  a  given  force  may  be  obtained  with 
less  weight  of  machinery  and  water  than  are  now  required,  it 
could  not  be  adopted  for  locomotion  upon  rail-ways,  unless  it 
were  loaded  with  a  weight  foreign  to  itself,  or  a  rack,  or  some 
similar  contrivance,  were  united  with  the  rail-way,  to  ensure 
its  progressive  motion ;  and  we  believe  that  the  disadvantages 
of  any  known  apparatus  for  this  purpose,  would  be  greater 
than  those  of  the  present  weight  of  the  engine. 

The  advantages  resulting  from  this  application  of  the  steam- 
engine,  although  important  in  Great  Britain,  particularly  in 
the  mitiing  districts,  are  not,  we  apprehend,  available  in  New 
England,  from  our  want  of  coal. 
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Mr  Tredgold  has  gone  into  a  sufficiently  minute  calculation 
of  tlie  comparative  cost  of  horses  and  of  the  locomotive  en- 
gine in  England.  The  result  of  this  calculation  is,  that  the 
power  to  transport  1  ton,  1  mile,  bj  horses,  will  cost  2  farth- 
ings. With  the  locomotive  engine  1|  farthings*  Making  the 
cost,  in  favour  of  the  engine,  as  3  to  3.  The  price  of  coals  was 
taken,  in  this  estimate,  at  6d.  sterling  a  bushel,  and  a  greater 
effect  is  assigned  to  them,  than  is  warranted  hj  experience. 

By  an  experiment  of  Mr  Wood,  at  the  Killingworth  rail- 
way, he  found  that  1487  pounds,  or  17/4  bushels,  of  coals 
were  required  to  carry  a  train  of  wagons  weighing  81,872 
pounds  a  dbtance  of  36  miles,  in  6^^  nours.  The  average 
price  of  bituminous  coals  in  New  England  may  be  taken  at 
40  cents  a  bushel.  We  have,  therefore,  for  1 7-4  bushels 
$6,86.  The  interest  on  the  cost  of  the  engine,  such  as  was 
used  by  Mr  Wood,  the  repairs  and  attendance,  would  not  be 
less  than  $5  a  day,  or  $3.70  for  6^  hours ;  making  the  cost 
of  the  work  performed,  in  Mr  Wood's  experiment,  $9,66. 
Now  the  work  performed  at  this  expense  would  be  witiiin 
the  power  of  6  horses,  working  one  day,  and  would  not  cost 
more  than  $9,  allowing  3  men  m  attendance.  We  are  unac* 
quainted  with  any  accurate  experiments  tending  to  show  the 
comparative  effects  of  coals  and  wood,  in  producing  heat,  or 
forming  steam.  But  we  think  it  very  doubtful  whetner  coals 
would  not  be  found  nearly  as  cheap  as  wood,  in  all  the  popu- 
lous parts  of  our  sea-coast.* 

The  cost  of  transporting  1  ton,  1  mile,  at  the  rate  we  have 
given,  by  horses  is  ^z^hs  of  1  cent.  This  embraces  no  ex- 
pense but  that  of  the  power  of  moving  the  load. 

*  Since  writing  the  above,  we  have  received  Vol.  III.  Part  1,  of  the  Trans- 
actions of  the  American  Philosophical  Society,  which  consists  of  a  paper  by 
BIr  Bull,  of  Philadelphia,  giving  an  account  of  a  very  elaborate  coarse  of  ei- 
periments  to  determine  the  heat  evolved  by  the  combustion  of  a  great  varie- 
ty of  sabstances.  The  heat  produced  from  wood,  compared  with  nituminoiu 
coal,  was,  io  Mr  Bull's  ezperimeDts,  greater  than  we  were  prepared  to  ex- 
pect. 
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Art.  XXXIX. — Notice  of  a  Work  entitled^  ^'  Memorial  on  the 
Upward  Forces  of  Fluids^  and  their  Applicability  to  several 
Arts^  Sciences,  and  Public  Improvements :  For  which  a  Par 
tent  has  been  granted  by  the  Government  of  the  United  States, 
to  the  author,  Edmond  Charles  Genet,  a  Gttizen  of  the  United 
States  ;  Member  of  the  Institute  of  France  ;  of  the  Royal  An* 
tiquarian  Society  of  London  ;  of  the  Philosophical  Society  of 
New  York,  fyc,  ^cJ^ 

• 

None  more  than  ourselves  believe  that  great  discoveries 
are  rare.  We  mean  those  discoveries,  which,  in  their 
consequences,  improve  the  physical  condition  of  man,  bj 
supplying  his  wants  with  less  labour  and  thus  give  him 
a  portion  of  his  time,  to  cultivate  his  intellectual  and 
moral  powers.  One  of  the  most  sensible  questions,  in  our 
opinion,  that  was  ever  asked  regarding  the  importance  of 
a  discovery  was,  "  Will  it  reduce  the  price  of  grain  ?"  The 
ir^'norial  of  Mr  Genet  professes  to  make  us  acquainted  with 
one  of  this  character;  it  professes  no  less  than  to  add 
another  to  the  forces,  already  within  the  control  of  the  en- 
gineer and  the  manufacturer,  which,  like  the  steam-engine, 
that  it  is  intended  to  render  obsolete,  may  give  motion  to  the 
thousand  complicated  devi(::es  of  human  art.  We  were  not 
born  yesterday,  and  have  therefore  had  an  opportunity  of 
knowing  that  men  oftentimes  deceive  themselves,  sometimes 
others,  into  a  belief  that  their  discoveries  are  of  greater  value 
than  a  succeeding  age  assigns  to  them.  Persons  so  deceived, 
however,  are,  commonlv,  men  of  undisciplined  minds,  men 
who  have  not  stood  before  rivals  and  critics,  rising  in  their 
despite,  to  rank  with  the  philosophers  and  sages  of  the  earth. 
The  author  of  the  book  before  us,  however,  is  not  a  nameless 
man.  He  b  a  member  of  the  French  Institute,  and  was,  as 
he  informs  us,  ^^  affiliated  to  the  Academy  of  Sciences  in 
1783,"  before  Lavoisier,  La  Place,  or  Davy,  were  known  to 
the  world ;  when,  therefore,  such  a  man  informs  us,  that  after 
forty  years  reflection  he  is  about  to  enlighten  us  upon  a  sub- 

1'ect,  which  of  all  others  he  has  chosen  and  kept  nearest  to  his 
leart,  we  should  be  lost  to  humanity,  did  we  not  take  up  his 
book  with  a  respectful  attention. 

"  The  upward  forces  of  fluids !"  What  can  this  mean  ?  but 
let  the  author  speak.  "  In  mv  meditations  on  the  homoge- 
neity of  the  forces  usually  applied  to  mechanics,  I  have  view- 
ed with  astonishment  that  the  force  of  levity,  or  the  upwards 
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force,  should  have  been  entirely  overlooked  or  neglected^ 
when  Newton  himself  had  admitted  the  existence  of  a  draw-' 
ing  force  opposed  to  the  force  of  gravity,  which  prevents  the 
moon  from  falling  upon  the  earth ;  when  Herschel  had  cat 
culated  that  the  force  of  levity,  as  exhibited  by  caloric,  was 
such  that  it  moved  in  every  airection  at  the  rate  of  200,000 
miles  in  a  second  ;  when  the  smoke  and  the  vapours  of  the 
earth  manifested,  by  their  ascension  through  the  atmosphere, 
that  they  were  impelled  by  a  force  acting  inversely  to  the 
force  of  gravity ;  when  that  same  force,  which  chemistry  has 

E roved  to  be  due  to  caloric,  latent  or  sensible,  was  known  to 
e  the  cause  of  the  ascension  of  balloons ;  when  those  aeros-* 
tatic  machines  were  seen  to  raise  heavy  weights  in  a  different 
tangent  from  the  force  of  gravity ;  when  the  report  of  the  bold 
adventurers  who  raised  themselves  in  the  air,  by  means  of 
tho^e  aerostats,  had  testified  that  equally  independent  of  the 
general  laws  of  atmospheric  pressure  and  aerometry,  the 
elasticy  of  aerostats  and  the  accelerated  motion  of  theiras- 
cension,  increased  as  the  air  grew  lighter  and  the  atmospheric 
pressure  decreased ;  when  it  was  also  stated  by  them,  that  as 
they  approached  the  upper  strata  of  the  atmosphere,  perhaps 
occupied  by  an  etherial  gas,  at  the  altitude  of  3670  rods,  the 
highest  to  which  men  ever  have  ascended,  above  the  geologi- 
cal  crust  of  the  globe,  the  spirit  of  life  itself  seemea  to  be 
drawn  upwards  and  to  become  evanescent,  retaining  no  re-* 
collection  on  its  return  to  vital  air,  of  what  had  happened 
durine  its  lipothymy,  and  when  finally  it  had  been  proved 
that  the  laws  of  gravity  varied  in  the  same  body  in  propor* 
tion  of  its  degree  of  heat  or  cold,  as  it  is  evinced  under  the 
equator  and  the  colder  latitudes  towards  the  poles,  by  the 
pendulum,  retarded  when  rendered  specifically  lighter  and 
Dulky  by  caloric^  or  accelerated  when  rendered  heavier  and 
contracted  by  cold.^  p.  6. 

Leaving  out  the  theory  of  the  variation  of  the  pendulum, 
as  an  extraneous  bee  in  the  author's  bonnet,  the  foregoing  gro- 
tesque paragraph  contains  the  intellectual  germ  which  is  ex" 
panded  into  the  volume  of  Mr  Genet*  The  "  force  of  levity" 
oecomes  in  his  skilful  hands,  a*  sort  of  man-of-all'Work,  that 
carries  canal  boats  from  level  to  level  without  water,  raises 
stranded  voxels,  recovers  foul  anchors,  saves  drowning  men, 
navigates  seas,  rivers,  and  lakes,  and  at  length  disappears  in  a 
flying  machine  that  would  have  delighted  the  heart  of  Bishop 
Wilkms  himself.  The  manner  of  performing  all  this  is  put 
down  in  letter-press  and  illustrated  oy  engravings.  Take  an 
Boit.  Jour.  April  if  May,  1826.         50 
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example.  ^  The  moving  force,'^  to  carry  a  caaal  boat  to  a 
higher  level,  ^  of  this  machinery  is  to  be  essentially  the  ascen- 
sive  force  of  an  aerostat  [balloon]  of  a  spheroidal  foroi  which, 
when  disengaged  and  allowed  to  ascend,  will  exercise  its 
power  on  the  large  wheel  by  the  means  of  a  rope  fastened  to 
its  appendice  [bottom]  that  will  pass  through  a  sheeve  at  the 
bottom  of  the  pit,  to  a  groove  on  the  rim  of  the  .large  wheel 
and  embrace  its  circumference.  The  large  wheel  wilT  besides 
be  supplied  with  handspikes,  to  accelerate  or  retard  its  mo- 
tion, or  use  it  separately ;  and  also  with  a  pall,  to  prevent  the 
load  from  descending  whenever  requisite,  as  it  will  hereafter 
be  explained.  The  large  wheel  is  to  be  30  feet  diameter  and 
90  circumference,  [m  the  time  of  Metius  every  thing  of  30 
feet  diameter  had  a  circumference  of  something  more  than 
94  feet ;  but,  nous  avons  change  tout  cela^"]  which  proportions 
will  give  fifteen  revolutions  of  the  drum  while  the  targe  wheel 
will  perform  only  one.''  p.  35.  If  this  is  not  intelligible  the 
reader  will  understand  it  when  we  inform  him  that  the  appa- 
ratus consists  of  wheel  work  moved  by  the  ascent  of  a  bal- 
loon, which,  after  having  risen  forty  feet  is,  we  are  given  to 
understand,  "  to  be  recalled  down"  by  "  the  individual  force 
of  the  large  wheel,"  and  made  to  perform  a  new  ascent.  But 
why  not  use  the  descendent  force  of  a  leaden  weight,  as  well 
as  the  ascensive  force  of  an  air-balloon,  to  ^'  be  recalled  up," 
in  the  same  way  that  the  other  is  recalled  down  ?  or  better 
yet,  why  not  carry  up  the  boat  by  the  ^^  individual"  exertion 
of  a  horse  or  a  steam-engine,  as  one  Robert  Fulton  proposed 
a  great  while  a^o  ? 

Another  specification  of  the  application  of  the  ^  upward 
forces  of  fluids,"  is,  to  the  navigation  of  seas,  lakes,  and 
rivers.  Here  Mr  Genet's  apparatus  assuages  a  somewhat  dif- 
ferent form.  The  balloon  or  aerostat,  which  befoi^  floated  in 
air  above,  has  now  become  a  hydrostat.  and  works  in  *'the 
floods  below."  As  this  new  application  is  founded  on  an  ex- 
periment, it  may  be  worth  our  while  to  relate  it.  Mr  Genet 
took  ^^  a  small  hollow  balloon  shaped  like  an  oblong  spheroid, 
made  of  tin,  containing  in  its  cavity  i  cubic  foot."  ^^  Several 
experiments  have  been  made  with  this  simple  hydroaerostatom- 
etre^^  which  prove,  "  That  the  uplifting  force  of  salt-water 
exercised  against  the  balloon  filled  with  nothing  but  atmos* 
pheric  air,  supported  47  pounds ;  which,  with  the  three  pound 
weight  of  the  balloon  and  its  appendages,  the  weight  of  the 
cup  and  friction  of  the  puUies,  amounting  altogether  to  5 
pounds,  gives  to  the  upward  pressure  of  salt-water  against  the 
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inferior  surface  of  \  cubic  foot  of  atmospheric  air  so  contain- 
ed, an  uplifting  force  of  64  pounds,  and  to  a  cubic  foot  108 
pounds/'  pp.  36,  37.  This  is  very  important,  as  a  foot  of  salt 
water  weighs  about  64  pounds,  and  it  has  been  heretofore 
supposed,  that  no  substance^  although  devoid  of  weight, 
plunged  under  water,  could  tend  to  rise  with  a  force  greater 
than  the  weight  of  an  equal  volume  of  water ;  but  ^nous  avons 
change  tout  ula^  again.  The  apparatus  which  Mr  Genet  has 
contrived,  is,  as  we  take  it,  a  perpeiucd  motion^  and  the  learned 
person  at  the  head  of  the  Patent-office  ought,  from  the  rules 
which  he  prescribed  to  himself,  some  years  since,  to  have  re* 
fused  a  patent  for  it  until  Mr  Genet  made  it  go. 

But  the  best  part  of  the  "  Memorial,"  is  the  description  of 
the  flying  apparatus,  carrying  up  2  horses  to  move  its  mngs^ 
and  ny 

*'  With  restless  yiolence. 
Round  about  the  pendant  worid." 

The  author  says,  ^  In  order  to  form  this  new  plan,  I  have 
consulted  nature,  which  offers  in  every  thing  the  best  and 
most  perfect  models ;  and  I  have  ascertained  by  numerous 
observations,  that  the  plainest  way  to  perfect  aeronautics,  was 
to  imitate,  as  nearly  as  possible,  the  innate  faculty  with  which 
nature  has  endowed  the  birds  and  the  fishes,  to  enable  them 
to  raise,  propel,  and  guide  themselves  in  the  fluids  in  which 
tb^  are  immersed."  p.  68. 

^[ow  his  imitation  of  nature  is  in  the  form  of  a  monstrous 
balloon,  which  is  to  be  loaded  with  a  wind-n)ill  and  two 
horses,  three  men,  their  attendants,  a  chemical  apparatus,  an 
anchor,  fodder  and  provender,  water,  provisions  for  the  men, 
and  errors  and  omissions  to  the  amount  of  1 3,400  pounds. 
This  is  an  imitation  of  the  innate  faculty  with  which  nature 
has  endowed  birds  and  fishes,  with  a  vengeance. 

Our  readers  are  already  sufficiently  initiated  in  the  myste- 
ries of  the  "  upward  forces  of  fluids,"  from  the  specimens  here 
presented.  Few  of  them  we  apprehend  will  follow  our  un- 
profitable example,  for  we  have  honestly  read  the  Memorial 
from  beginning  to  end. 
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Art.  XL. — On  the  Mirage.    Communicated  for  this  Journal. 

[Concluded  from  page  166.] 

The  appearances,  of  which  an  account  has  been  given  in 
the  former  part  of  this  article,  were  observed,  without  any 
attempt,  in  most  cases,  to  reduce  them  to  accuracy  by  the 
measurement  of  distances  and  angles.  WoUaston  on  the 
Thames,  in  England,  Woltman  on  the  Elbe,  Legentil  in  the 
Indies  and  in  Normandy,  and  Humboldt  at  Cumana,  in  Ame« 
rica,  made  observations  of  a  more  exact  nature,  in  which 
were  noted  the  temperature  of  the  air  and  water  at  the  time 
of  observation,  the  angle  of  depression,  and  in  some  instances 
the  distance  of  the  objects  observed.  Of  these  it  is  unneces* 
sary  to  give  a  minute  account  as  no  new  facts  were  discover- 
ed, and  the  appearances  in  general  were  not  very  striking. 

But  the  most  full  and  minute  account  which  has  been  given, 
and  the  most  important  for  the  mathematical  theory  mtb 
which  it  is  accompanied,  and  by  which  the  facts  are  explain- 
ed, is  that  of  Biot,  published  in  the  Memoirs  of  the  Institute 
for  1809. 

He  introduces  his  own  observations  by  noticing  the  facts 
and  explanations  already  given.  That  of  Huddart  is  consid- 
ered insufficient,  as  the  curvature  which  he  supposes  is  not 
necessarily  produced  by  difference  of  density,  without  dif- 
iference  of  refracting  power ;  and  the  introduction  of  aqueous 
vapour  into  the  air  would  be  as  likely  to  increase  the  refract- 
ingjpower  near  the  surface  of  the  water  as  to  diminish  it. 

Tne  explanation  given  by  Dr  Vince  is  considered  rather 
as  a  statement  of  the  possibility  of  the  formation  of  the  im- 
ages, than  an  explanation  of  the  true  cause  of  the  phenome* 
non.  A  thousand  other  suppositions  would  show  the  possibility 
of  these  images  as  well  as  this ;  and  as  to  the  supposition  that 
the  curves  are  all  entirely  concave  towards  the  earth,  he  be- 
lieves it  to  be  contrary  to  fact. 

The  explanation  given  by  M onge  is  considered  on  the  whole 
very  correct ;  and  very  remarkable,  if  we  recollect  that  it 
was  suggested  by  the  view  of  the  phenomenon  itself,  in  a 
camp  and  amidst  the  dangers  of  war. 

Other  observations  are  also  examined,  particularly  those  of 
Wollaston,  of  which  Biot  justly  speaks  in  the  highest  terms. 

The  occasion  which  led  Biot  to  the  observations  he  re- 
cords, and  which  serve  as  the  basis  and  confirmation  of  th« 


On  ike  Mirage.  397 

conclusions  to  which  he  is  led  in  his  mathematical  theory,  are 
thus  described  by  himself.  * 

"The  opportunity  occurred  during  the  residence  of  M. 
Mathieu  and  myself  at  Dunkirk,  in  the  winter  of  1808,  for 
•the  purpose  of  verifying  the  latitude  at  the  northern  extremity 
of  the  meridian  line.     We  had  resolved  to  take  advantage  of 
the  vicinity  of  the  sea  to  make  frequent  observations  with  a  , 
repeating  circle  of  the  depressioti  of  the  horizon,  by  placing 
ourselves  successively  at  different  known  elevations,  whicn 
would  enable  us  to  determine  the  form  of  the  trajectory  de- 
scribed by  the  rays  of  light,  according  to  the  different  modi- 
fications of  temperature  of  the  air  and  water.     During  these 
observations,  we  discovered  a  place  on  the  beach  where  the 
suspension*  and  mtVoge  were  sensible  every  day.     The  visual 
ray,  after  having  for  a  great  distance  passed  along  this  sandy 
surface,  terminated  in  a  multitude  of  objects,  such  as  steeples,  ' 
houses,  hills,  trees,  &c.  which,  appearing  suspended  in  the 
air  and  baseless,  presented  their  inverted  images  beneath 
them.    These  images,  situated  also  in  the  air  and  above  the 
apparent  horizon,  had  a  perfect  resemblance  to  images  re- 
flected in  water ;  and  the  illusion  was  so  complete  that  we 
could  not  avoid  being  deceived  by  it,  although  it  was  perfect- 
ly easy  to  convince  ourselves  of  our  error,  as  the  brink  of  the 
apparent  water  was  sometimes  not  300  metres  distant  from  us. 
We  often  amused  ourselves  with  sending  off  in  that  direction 
men  provided  with  poles,  which  served  as  signals.     As  they 
receded,  they  seemed  gradually  to  plunge  into  this  apparent 
sea,  and  at  last,  with  their  reflected  image,  to  sink  beneath  its 
surface.     Nothing  can  equal  in  appearance  the  variety  and 
strangeness  of  these  phenomena.    They  vary  with  the  eleva*- 
tion  and  distance  of  the  objectf ,  with  the  nature,  and  especial- 
ly the  form  of  the  intervening  ground,  and  with  the  elevation 
of  the  observer ;  your  least  movement,  modifies  every  ap- 
pearance ;  the  slightest  change  of  temperature  alters  them, 
and  a  sunbeam  is  sufficient  to  destroy  or  reproduce  the  whole 
illusion.'^  pp.  11,  12« 

Sometimes,  by  placing  the  eye  at  the  distance  of  about 
two  feet  from  the  surface,  distant  spires  and  trees  could  be 
seen  suspended,  as  it  were,  in  the  air,  and  the  clear  bright 
sky  beneath  them ;  on  raising  the  eye,  the  appearance  of 
sky  vanished  or  became  very  narrow.    Sand  nills  and  huts 


*  The  case  of  the  direct  image  of  an  object  being  apparent  al>ove  its  true 
ptscei  and  without  any  yisible  inverted  image  is  called  «iup«i«ion. 
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were  also  suspended,  and  some  times  doubled ;  and  in  a  few 
cases,  even  a  third  image  was  seen  below  the  other  two.  This 
last  image,  however,  and  even  the  second  were  sometimes  so 
contracted  as  to  be  invisible*  In  everj  case  of  suspension, 
JBiot  shows  that  there  is  always  a  second  image,  but  that  it  is 
so  extremely  flattened  as  not  to  be  seen. 

The  sea-birds,  which  at  first  exhibited  only  a  simple  and 
direct  image,  often  presented  a  second  inverted  image,  and 
sometimes,  immediately  after,  disappeared*  Thev  also  some- 
times disappeared  without  presenting  a  second  image*  It 
must  have  been  ^'  a  curious  spectacle,  to  see  clouds  ot  birds 
as  they  rapidly  approached  the  horizon,  suddenly  double 
their  number  and  motions,'^  and  as  suddenly  disappear* 

Ib  this  situation  they  took  the  greatest  pains  to  estimate 
every  thing  by  measurement*  The  form  and  nature  of  the 
ground,  the  distance  above  the  surface,  and  from  the  observer, 
at  which  the  different  images  appeared,  the  temperature  at 
the  time,  at  different  heights  from  the  ground,  the  depression  of 
the  horizon  and  of  objects ;  the  form  of  the  path  of  the  lumin- 
ous ray  and  of  the  limiting  line,  were  all  ascertained  by  care- 
ful and  numerous  experiments*  It  was  evident  that  the  fre- 
quency and  distinctness  of  the  phenomena  were  owing  to  the 
particular  form  of  the  sandy  surface  produced  by  the  reflux 
of  the  tide  on  the  beach* 

In  order  to  arrive  at  the  true  theory  of  the  phenomena, 
Biot  traces  the  motion  of  light  in  media,  whose  dinerent  strata 
have  different  refracting  powers.  Its  path  or  trajectory  is  first 
ascertained  in  a  particular  case,  real  or  hypothetical,  and 
thence  deductions  are  made  for  the  general  theory*  The 
trajectories  are  considered  as  passing  from  the  eye  to  their 
lowest  point,  or  point  of  reflection,  and  this  portion  of  the  path 
is  called  the  first  branch,  the  portion  beyond  the  point  of  re- 
flection being  called  the  second  branch*  The  line  produced 
by  uniting  the  points  of  reflection  of  rays  reaching  the  eye  from 
different  points  is  called  the  limiting  curve  or  caustic*  Now 
it  is  shown  that  any  object,  not  too  near  the  observer,  situated 
between  this  caustic,  and  the  highest  of  those  trajectories 
which  have  their  lowest  point  below  the  level  of  the  eye,  will 
send  to  the  eye  two  imases,  one  formed  by  the  direct  rays, 
which  will  be  erect,  ana  the  other  formed  by  rays  reflected 
at  some  point  of  the  caustic^  between  and  below  the  eye  and 
the  object,  and  which  will  be  inverted.  Rays  from  all  objects 
below  the  caustic  will  pass  below  the  eye,  atid  such  objects 
will  be  invisible.  If  the  lower  part  of  the  object  were  situated 
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on  the  limiting  curve  itself,  the  interval  between  the  two  im- 
ages would  be  reduced  to  nothing,  and  they  would  deem  to 
touch  each  other. 

What  has  here  been  said  belongs  particularly  to  the  case 
in  which  the  stratum  of  air  in  contact  with  the  earth  hers  the 
least  refracting  power,  and  the  refracting  power  increases  in 
the  successive  horizontal  strata  at  different  distances  from  the 
earth,  in  arithmetical  progression.  By  whatever  law,  how- 
ever, the  refracting  power  increases,  it  is  shown  that  analo- 
gous results  are  deduced.  Wherever  the  refracting  power  in- 
creases upward,  there  exists  below  a  certain  trajectory,  which 
is  the  lowest  of  those  which  are  refracted  upwards  and  reach 
the  eye,  and  which  is  thence  called  the  trajectory  limits  a 
space  entirely  invisible. 

All  these  results,  which  are  rigorously  deduced  from  theory 
are  entirely  confirmed  by  the  observation  made  at  Dunkirk. 

While  the  man,  furnished  as  already  observed  with  a  pole, 
on  which  were  marked  metres  and  decimetres,  was  between 
the  observer  and  the  lowest  point,  or  point  of  contact  of  the 
trajectory  limit,  his  image  was  seen  single,  direct,  and  entire. 
At  this  point  he  seemed  to  enter  the  water;  as  he  receded, 
the  lower  part  of  his  body  disappeared,  as  if  plunged  bc- 
faeath  the  surface.  At  a  greater  distance,  the  image  of  a 
portion  of  the  body  seemed  to  be  reflected  from  the  surface 
of  the  water ;  and  just  before  he  seemed  to  disappear  beneath 
its  surface,  the  upper  part  of  the  body  was  fully  and  clearly 
reflected :  thus  giving  a  double  image  between  the  lines  called 
the  trajectory  limit  and  caustic  curve,  and  below  the  latter 
becoming  entirely  invisible. 

If  the  successive  strata  vary  in  refracting  power  to  a  cer- 
tain distance  and  beyond  this  are  invariable,  and  the  obser- 
ver be  placed  at  the  limit  between  them,  an  object  may  be  so 
placed  with  regard  to  him  as  to  send  four  images  alternately 
erect  and  inverted.  If  the  refracting  power  diminishes  in  the 
successive  strata  in  arithmetical  progression,  two  erect  and 
one  inverted  image  placed  between  them,  may  always  be 
seen  of  objects  placed  in  a  suitable  position. 

To  these  cases  may  be  referred  most  of  the  remarkable 
appearances  mentioned  by  Vince  and  Scoresby. 

If  the  refracting  power  of  the  medium  increases  upwards 
to  a  certain  distance,  and  afterwards  diminishes  indehnitely, 
smd  the  observer  be  placed  at  the  point  of  greatest  density, 
or  a  little  above  or  below  it,  a  very  great  number  of  images 
of  an  object  situated  in  certain  positions  may  be  seen  at  the 
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same  time.  This  curious  result  of  the  theory  is  confinned  by 
phenomena  observed  by  Biot  and  Arago  in  Spain.*  They 
were  stationed  on  the  mountain  Desierto  de  ias  Paimas  in 
Yalentia,  at  an  elevation  of  727  metres  above  the  sea;  and 
were  observing  by  nighty  with  a  repeating  circle,  the  si^al 
lights  fixed  on  the  mountain  of  Campvey  on  the  isle  of  Yviza, 
at  the  elevation  of  420  metres,  and  at  the  distance  of  41 1 
leagues.  This  distance  was  one  of  the  sides  of  their  great 
triangle.  The  light  at  first  appeared  single,  like  a  very  small 
star,  as  usual ;  but  presently  after,  in  the  course  of  their  ob- 
servations, they  noticed,  directly  above  the  first,  another  light, 
which  they  took  to  be,  a  star.  As  this  supposed  star  did  not 
change  its  place,  thev  naturally  concluded  that  it  was  a  sec- 
ond image  of  the  light,  and  continuing  to  observe,  they  saw 
two,  three,  four,  and  even  more  lights.  These  successively 
appeared  and  disappeared  in  an  irregular  manner,  and  they 
observed  the  highest  lights  seemed  largest  and  most  brilliant. 
Somewhat  analogous  to  this  was  the  occasional  appearances 
seen  at  some  other  stations,  of  a  single  luminous  point,  which 
was  sometimes  observed,  to  lengthen  itself  vertically  into  a 
luminous  column.  This  column  he  considers  as  made  up  of 
an  infinite  multitude  of  contiguous  images. 

Biot  next  examined  the  apparent  depression  of  the  horizon 
of  the  sea,  as  observed  from  stations  elevated  at  different 
heights  above  the  surface  of  the  sea,  noting  always  the  differ- 
ence of  temperature  of  the  air  and  water,  which  he  shows  to 
be  the  important  circumstance  on  which  the  difference  of  de- 
pression at  different  times  depends* 

From  these  he  infers,  that  ^^  rays  of  light  which  enter  the 
atmosphere  at  small  inclinations,  experience,  as  they  ap- 
proacn  the  surface  of  the  earth,  considerable  disturbances! 
which  are  produced  by  the  influence  of  this  surface  on  the 
temperature  of  the  inferiour  strata  of  the  air.  This  influence 
usually  becomes  insensible  at  a  small  elevation,  above  which 
the  density  of  the  air  gradually  decreases  in  arithmetical 
progression.  This  gives  the  rays  a  curvature  directed  to- 
wards, the  surface  of  the  earth.  But,  in  the  lower  part  of  its 
course,  the  trajectory  may  be  more  or  less  concave  or  con- 
vex, according  to  the  temperature  of  the  surface,  it  may  thus 
experience  in  its  course  several  successive  inflections,  and, 
contrary  to  the  idea  generally  acted  on  by  astronomers,  it 
will  rarely  happen  that  the  curvature  of  the  superiour  part  is 
applicable  to  th«  smaller  elevation. 
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^^  Thence  result  several  useful  consequences.  The  first  is 
of  importance  to  navigators.  When  they  take  altitudes,  mak- 
ing use  of  the  apparent  horizon  of  the  sea,  they  must  often 
experience  the  effects  of  extraordinary  refraction,  and,  bow- 
ever  little  the  sea  may  be  colder  or  warmer  than  the  air,  be 
exposed  to  errors  of  3  or  4  minutes  in  the  latitude  from  this 
cause  alone.  For  the  same  reason,  the  latitude  observed  on 
board  a  canoe  may  differ  very  sensibly  from  the  latitude  ob- 
served from  the  deck  of  a  lofty  ship.  This  happened  several 
times  at  New  Holland,  in  the  expedition  of  Captain  Baudin, 
without  any  assignable  reason  for  the  difference,  and  not- 
withstanding all  the  care  that  was  taken  to  avoid  it.  WoUas- 
ton  proposed  to  remedy  the  inconvenience  bv  observing  th 
distance  of  the  two  opposite  horizons,  as  the  difllerence  between 
this  observed  distance  and  180^  might  be  attributed  to  refrac- 
tion ;  but  it  is  not  always  possible  to  make  this  observation, 
especially  near  coasts  and  in  situations  where  the  necessity  of 
having  the  latitude  exactly  is  greatest.  In  every  case  it  is  only 
necessary  to  observe  the  temperature  of  the  air  and. of  the 
sea,  to  know  in  what  direction  the  error  is  to  be  allowed  for. 

On  land  we  may  always  avoid  the  error  by  observing  with 
an  artificial  horizon  placed  at  the  distance  ot  3  or  4  metres 
from  the  ground  ;  for  the  effect  of  the  extraordinary  decrease 
of  densitv  being  much  diminished  and  generally  insensible  at 
this  height,  the  visual  ray  is  only  subjected  to  the  ordinary 
law  oT  refraction. 

"  The  same  cause  may  affect  the  elevation  of  stations, 
when  calculated  from  the  apparent  depression  of  the  horizon 
of  the  sea ;  for,  if  the  sea  be  warmer  than  the  air,,  in  which 
case  the  lower  part  of  the  trajectory  will  be  concave  towards 
the  surface  of  the  earth,  the  observed  depression  will  be  great- 
er than  in  the  ordinary  state  of  the  atmosphere.  Tht  eleva- 
tion calculated  according  to  the  ordinary  law  of  mean  refrac- 
tion will  consequently  be  too  great,  and  if  the  sea  be  colder 
than  the  air,  it  will  be,  on  the  contrary,  too  small.'' 

These  positions  areproved  by  calculating  the  elevation  of 
several  stations  used  in  the  observations  at  Dunkirk,  first  from 
depressions  taken  when  the  water  was  warmer  than  the  air, 
and  afterwards,  from  those  taken  when  the  air  was  warmer 
than  the  water.  In  the  former  case  the  calculated  elevations 
were  much  too  great,  and  in  the  latter  much  too  small.  The 
difference  between  the  calculated  and  measured  elevations 
was  least  in  those  stations  which  were  most  elevated. 

The  obvious  conclusion  from  these  facts,  which  seem  to  be 

Bo8t.  Jour.  April  fy  May,  1826.  51 


4(MB  OenercU  InieUiffOice* 

ascertained  with  sucfa  esctreme  accuracy,  that  isntire  depend- 
ence may  be  placed  on  them,  is,  that  trigonometrical  ob8erv»- 
tions,  made  ovet*  the  water,  are  liable  to  causes  of  inaccaracj, 
which  cannot  be  always"  easily  estimated,  and  to  guard 
against  which,  in  some  degree,  the  temperature  of  the  air  and 
water  at  the  tim^  of  observation  should  always  be  takeai  and 
allowed  for. 


Itnpraoed  Cement  for  holding  small  Lmsta,  whiUt  grinding 
and  polishing  ihem^-^in  grinding  small  lenses,  Mr  Prltchard 
found  that  shelMac,  the  cement  usually  employed  for  them, 
was  by  no  means  sufficiently  strong  to  retain  them.  \He  was 
fortunate  enough,  however,  to  attain  his  object  by  adding  to 
the  shell-lac  an  equal  weight  of  finely  levigated  pumice,  care* 
fully  melting  them  together  in  an  iron  vessel,  and  stirring 
them  till  well  incorporated.  Great  care  is  required  in  using 
it,  not  to  heat  it  hotter  than  is  absolutely  required  in  melting 
it,  and  in  fixing  the  lens  securely,  otherwise  it  becomes  unfit 
for  use ;  and  the  same  caution  is.  equally  required  in  using 
shell-lac  alone. — Edin.  Jour. 

Remarkable  Waterspout.--^This  extraordinary  phenomenon 
was  seen  on  the  6th  July  1822,  in  the  plain  of  Arsonval,  a 
village  about  six  leagues  W.  S.  W.  of  St.  Omer,  and  six  from 
Boulogne.  About  1^  35^  P.  M.  clouds  coming  from  diflferent 
parts  collected  rapidly,  and  formed  a  single  one  which  cov- 
ered the  whole  horizon.  From  these  clouds  a  thick  vapour 
immediately  descended  in  the  shape  of  an  inverted  cone,  and 
having  the  bluish  colour  of  burning  sulphur.  The  apex  of 
the  cone  next  the  earth  revolved  with  great  velocity ;  and 
formed  an  oblong  mass  of  about  thirty  feet  detached  from  the 
cloud..  It  rose  with  a  noise  like  the  bursting  of  a  large  bomb, 
leaving  a  hollow  in  the  ground,  of  from  30  to  35  feet  circumfer* 
ence,  and  from  3  to  4  feet  deep  in  the  middle.  It  then  set  off  in 
the  direction  of  W.  to  £.  knocked  down  a  barn,  and  gave  to  the 
neighbouring  farm-bouse  a  shock  like  that  of  an  earthquake. 
It  overthrew  from  35  to  30  trees,  and  laid  them  in  such  a 
variety  of  directions  as  to  prove  that  it  advanced  with  a  ro- 
tary motion.    It  next  travelled  through  a  distance  of  two 


Gimsriil  hkUltutmu.  403 


leagues  irithout  toiichiii|[  the  ground,  carrying  off  huge 
branches  of  trees  which  it  threw  out  with  great  noise  to  the 
right  and  left.  Having  reached  the  highest  point  of  the  wood 
Fauqueaibergue,  it  carried  off  the  top  of  several  oaks,  which 
it  took  along  with  it,  below  the  village  of  Yendome,  at  the 
foot  of  the  hill  on  the  east  of  the  forest.  In  that  commune  it 
did  no  other  harm  than  to  carry  off  a  very  large  sycamore 
tree,  root  and  branch,  to  a  distance  of  600  paces. 

Continuing  its  route  like  a  ball  fired  en  ricacktt^  it  attacked 
the  village  of  Audinctun,  where  it  demolished  the  roofs  of 
three  houses,  and  carried  away  several  trees,  among  which 
were  five  ashes  of  great  height.     After  quilting  the  valley,  at 
the  mouth  of  which  these  two  villages  are  situated,  it  ascended 
the  mountain  de  Capelle,  and  several  ploughmen  saved  them;> 
selves  by  lying  down  and  holding  firmly  by  their  ploughs^ 
one  of  which  was  driven  so  deep  into  the  ground,  that  three 
horses  were  unable  to  pull  it  out.     M.  Demarquoy,  who  has 
described  this  phenomenon  minutely,  observes,  that  its  form 
(the  form  of  its  section,  we  presume,)  was  oval,  its  length 
being  about  30  feet,  and  its  other  diameter  about  20.  *  The 
spout  turned,  in  its  progress,  each  of  its  faces  to  all  points  of 
tne  horizon.    Globes  of  fire  issued  from  its  centre,  and  often 
globes  of  vapours  like  sulphureous  ones.    Its  noise  was  like 
that  of  a  loaded  wagon  dragged  at  a  gallop  over  a  paved 
road.    Every  globe  of  fire  or  vapour  that  issued  from  it,  was 
accompanied  with  an  explosion  like  that  of  a  musket,  and  the 
wind,  which  was  violent,  added  to  this  a  terrible  whistling 
noise.    Near  Mont  Capelle,  it  penetrated  into  the  vallies  of 
Witernestre  and  Lambre.   The  first  contains  about  40  houses, 
32  of  which,  with  their  barns,  were  overturned,  and  an  enor^ 
mous  quantity  of  trees  beat  down,  torn  up  and  carried  to  a 
great  distance.    At  Lambre,  the  revolving  motion  of  the  me- 
teor was  seen,  anc^afeo  its  sulphur  brown  colour,  and  from  its 
centre,  like  that  of  a  fire,  there  issued  flashes  of  bituminous 
vapour.    The  trees  round  the  church  were  broken  and  up- 
rooted.   The  house  of  the  curate  was  unroofed,  and  eighteen 
houses,  most  of  them  built  of  brick,  were  sapped  to  their 
foundations,  and  exhibited  the  extraordinary  phenomenon  of 
the  separation  of  the  walls,  which  were  thrown  outwards. 
After  quitting  Lambre,  the  spout  divided  itself;  one  part  was 
dissipated,  but  the  other  wept  to  Lillers,  about  three  leagues 
from  Lambre,  where  it  broke  and  uprooted  nearly  200  trees 
on  the  fine  meadows  of  M.  Defoulers,  before  it  vanished.    At 
three  o'clock  the  weather  becaipe  caUn,  the  sky  serene,  and 
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the  thunder  terminated  with  the  waterspout.    Bull,  du  Sc. 
Phys.  Avril,  1 824,  p.  236 — 239. 

Highly  calcined  Charcoal  a  Conductor  of  Caloricr^^M.  Cheuv- 
reusse  has  found,  that  charcoal  when  highly  calcined  is  a 
perfect  conductor  of  caloric.  When  the  charcoal  is  not  much 
calcined  and  is  drj,  it  does  not  conduct  caloric.  AL  Qheuv- 
reusse  proposes  to  use  the  first  of  these  charcoals  in  place  of 
copper  in  galvanic  piles,  and  also  for  the  purpose  of  carrying 
electricity  into  the  ground  from  conductors. — Ann.  dt  Vhim. 
Tom.  xxix.  p.  440. 

New  Experiments  on  Flame. — It  appears  from  a  series  of 
experiments  by  Mr  Da  vies  of  Manchester,  that  there  is  con- 
siderable foundation  for  the  opinion  of  Mr  Sym,  that  the 
flame  of  a  candle  is  a  conical  surface,  the  interior  of  which  is 
not  luminous,  a  section  of  the  flame  being  a  harrow  luminous 
ring  surrounding  an  obscure  disc.  Mr  Davies  found  that 
there  is  no  oxygen  in  the  interior  space  within  the  red  flame, 
as  phosphorus  and  sulphur,  though  they  readily  melted,  yet 
never  would  inflame  wnen  placed  within  it.  These  inflamma- 
ble bodies,  however,  always  burned  when  the  flame  was 
blown  upon  them  with  a  blowpipe,  so  as  to  supply  them  with 
oxygen.  The  moment  the  supply  of  oxygen  was  exhausted, 
they  were  again  extinguished.  Mr  Davies  explains  the  great 
power  of  the  oxy-hydrogen  blowpipe,  by  stating,  that  in  it  the 
flame,  instead  of  being  a  superficial  film  of  inflammation,  is  a 
solid  mass  of  fire. — Ann*  ofPhiU  Dec.  1825,  p.  447. 

Temperature  of  different  Animals. — Mr  Despretz  has  obtain- 
ed the  following  results  on  the  temperature  of  difierent  ani- 
mals, that  of  the  air  being  59^  Fahrenheit. 

Two  Carps,  temperature  of  water  51  •4®  '       53KP  Pahr. 

An  adult  Guinea  Pig  96*4 

3  male  Children,  aged  between  1  and  d  yeais,  95*2 

4  young  Persons  aged  18  98*6 
9  Men  aged  90  96*85 
4  Men  aged  68  96*83 
A  Dog  tliree  months  old  ia3-06 
Three  Pigeons  109*37 

Respecting  the  cause  of  animal  heat,  M.  Despretz  has 
drawn  the  following  conclusions : 

1.  That  respiration  is  the  principal  cause  of  animal  heat, 
producing  seven-tenths  of  it  in  very  joung  animals,  and  often 
as  much  as  nineteen-twentieths  of  the  whole  efiect ;  the  re- 
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maining  heat  being  produced  by  assimilation,  the  motion  of 
the  bl<^,  and  the  friction  of  the  different  parts. 

3.  That  besides  the  oxygen  employed  in  the  formation  of 
the  carbonic  acid,  another  portion  of  gas,  sometimes  very 
considerable  in  relation  to  the  first,  disappears  also ;  more 
oxygen  disappearing  in  general  in  young  than  in  adult  ani- 
mals. 

S.  That  there  is  an  exhalation  of  azote  in  the  respiration  of 
mammiferous,  carnivorous,  and  granivorous  animals,  and  in 
the  respiration  of  birds ;  and  that  the  quantity  of  azote  ex- 
haled is  greater  in  granivorous  than  in  carnivorous  animals.— 
Bull,  des  Sc.  J^at.  &c.  Avrii,  1826,  p.  244—246. 

Eajferiments  on  the  Compression  of  Air  and  of  Gases* — These 
experiments  were  made  by  M.  Oersted,  with  the  assistance 
of  M.  Suenson.  The  most  powerful  compressions  were  made 
in  the  breech  of  an  air-gun,  in  which  they  succeeded  in  com- 
pressing air  to  llOih  part  of  its  original  volume.  It  was 
found  that  Mariotte^s  law  was  preserved  in  these  Jiigh  pres- 
sures. In  their  next  experiments,  which  were  made  on  gases, 
they  succeeded  in  establishing  the  existence  of  the  same  law, 
even  when  these  gases  were  about  to  be  converted  into  liquids. 
M.  Oersted  remarks,  that,  in  liquids,  the  compressions  equally 
follow  the  proportion  of  the  compressing  force,  and  that  it  is 
extremely  probable  that  solids  are  subject  to  the  same  law. 
He  therefore  concludes,  that  this  simple  law,  That  the  dimi- 
nution of  vohime  is  proportional  to  the  compressing  force,  holds 
in  each  of  the  three  classes  of  bodies.  He  adds,  that  this  law 
can  only  be  admitted  on  the  supposition  that  the  caloric  de- 
veloped by  compression  has  been  permitted  to  escape  before 
the  measurement  is  made. — Dtiblin  Philosophical  Journal. 

Magnetizing  Power  of  Idght.'-^Mrs  Mary  Somerville,  one  of 
the  most  hignly  gifted  and  accomplished  females  of  our  time, 
has  lately  communicated  to  the  noyal  Society  of  London  a 
memoir  on  the  magnetizing  power  of  the  more  refrangible 
rays  of  light.  From  the  beautiful  experiments  detailed  in 
the  communication,  Mrs  Somerville  infers,  that  ihe  more  re' 
frangible  rays  of  light  have  the  property  of  imparting  magnetism. 

Notice,  regarding  Steatite  or  Soap-stontf  and  its  prtncynU 
Uses. — Steatite  is,  as  is  well  known,  a  variety  of  the  talc  ge- 
nus.   Its  colour  is  white,  green,  or  grey ;  it  is  ako  sometimes,. 
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though  T^reljj  red  and  yellow.  Its  specific  gravity  varies 
from  3,60  to  3^66.  It  is  a  compound  of  silica,  alumina,  magne- 
sia, oxide  of  iron  and  water,  which  vary  according  to  the 
locality.  It  is  very  common  in  Cornwall  and  Germany.  As 
it  is  fusible  only  9l  an  exceedingly  high  Ijemperature,  and  is 
easily  wrought,  excellent  crucibles  may  be  made  of  it,  which 
are  further  hardened  by  fire,  and  which  are  only  with  great 
difficulty  penetrated  by  litharge.  It  is  also  employed  in 
making  moulds  for  melting  metals.  In  England  it  is  used  in 
the  manufacture  of  porcelain.  M.  Vilcot,  an  artist  of  Liege, 
made  several  trials  of  it  with  the  view  of  finding  out  whether 
it  might  not  be  susceptible  of  being  employed  by  the  lapida- 
ries. He  prepared  cameos  of  this  substance,  the  colour  of 
which  he  brightened  in  the  fire,  and  which  he  rendered  so 
bard  by  the  elevation  of  the  temperature,  as  to  give  sparks 
with  steel.  Tbey  were  then  coloured,  yellow,  grey,  or  milk- 
white,  by  different  solutions.  He  polished  them  ujpon  the 
stone,  and  ended  with  making  them  assume  all  the  lustre  of 
agate.  Some  pieces  even  resembled  onyx  in  colour ;  but  a 
serious  inconvenience  was,  that  the  markings  were  easily  al- 
tered by  the  fire,  and  could  no  longer  be  restored.  Steatite 
has  a  great  afiinitv  for  glass;  it  is  also  employed,  in  the  man- 
ner of  paste,  rediuced  to  a  fine  powder,  and  mixed  with 
colouring  matters,  for  painting  upon  this  Substance.  It  also 
iserves  as  a  sympathetic  crayon  for  writing  upon  glass ;  the 
traces  seem  effaced,  when  a  piece  of  woollen  cloth  is  passed 
over  them,  but  they  re-appear  immediately  when  moistened 
by  the  breath,  and  again  disa'ppear  when  the  glass  becomes 
dry.  Steatite  is  not  so  easily  effaced  as  chalk,' and  does  not, 
like  that  substance,  change  its  colours.  Tailors  and  em- 
broiderers also  prefer  it  to  chalk,  for  marking  silk.  It  pos- 
sesses the  property  of  uniting  with  oils  and  tat  bodies,  and 
enters  into  the  composition  of  the  greater  number  of  the  balls 
which  are  employed  for  cleaning  silks  and  woollen  cloths;  it 
also  forms  the  basis  of  some  preparations  of  paint.  It  is  em- 
2)loyed  also  for  giving  lustre  -to  marble,  serpentine,  and  gyp- 
seous stones.  Mixed  with  oil,  it  is  used  to  polish  mirrors  of 
metal  and  crystal.  When  leather,  recently  prepared,  is 
sprinkled  with  steatite,  to  give  it  colour,  and  afterwards,  when 
the  whole  is  dry,  it  is  rubbed  several  times  with  a  piece  of 
horn,  the  leather  assumes  a  very  beautiful  polish.  Steatite  is 
also  used  in  the  preparation  of  glazed  paper ;  it  is  reduced 
to  very  fine  powder,  and  spread  out  upon  the  paper ;  or  it  is 
better  to  mix  it  previously  with  the  colouring  matter.     The 


glaze  is  then  given  to  the  paper  with  a  hard  brush,  it  facili- 
tates the  action  of  screws,  and  from  its  unctuosity,  may  be 
employed  with  much  advantage,  for  diminishing  the  friction 
of  the  parts  of  machines  which  are  made  of  metal.^ — Jame' 
ton^sEdin.  Phih.  Jour* 

• 

Obituary.^^SAMxmh  Paukcs,  Esq. — This  gentleman,  so  well 
known  by  his  publications  on  chemistry,  died  on  the  23d  of 
December.  ^  His  works  attest  his  ardour,  diligence,  and 
perseverence  in  the  pursuit  of  science ;  nor  was  he  less  dis- 
tinguished by  his  beneficent  efforts  and  pecuniary  liberdity 
in  the  support  of  every  public  institution  which  tended  to  in- 
crease the  happiness  or  promote  the  improvement  of  his  fel- 
low creatures.  His  industry  and  activity  of  mind  were 
evinced  even  during  his  last  illness,  by  his  being  anxiously 
engaged  in  preparing  and  superintending  improved  editions  of 
his  cnemical  works.^— J^Atlos.  Jtfag. 


CeksHal  Phenomena  fer  the  months  of  June^  Jufyy  and  August^ 
1826,  computed  for  Cambridgey  in  lat.  42''  28/  28''  2V.  and  long. 
71^  7'. 25"  W.  Mean  tbae.  Communicated  by  R.  T.  Paine, 
Esq. 

June,  1826. 

D  If  JLt  ^ 

4'  9  27  IB  P.  M.  Im.  4th  Sat  JJf . 

«  9  28  33    "      Em.  Sd  Sat.  jjf . 

5  1  07  56    «      ^  O  and  3) ,  Q  eclipsed,  invisible. 

10  5  05  10    «      *  (J  5  and  m  9^. 

11  10     15     29    "     Im.  3d  Sdt.  JJf. 

13  ^  stationary. 

14  10    03     21     «      Em.  1st  Sat.  jjf, 

16  10    48     42    "      Em.  2d  Sat.  ^. 

17  3     01  A.  M.  <J  O  and  1^. 

19  10    43     24  P.  M.  <j    D  and  1  ^  j^ . 

20  11     51     16    "       ^    3)  and  £?  j^ ,  a  near  approach. 

21  8    01    09  ^'      O  M>*ft«  5Sj  «"mm^r  bfyn?- 

23  0       0    44  A.  M.  ^    ^  and  v  sg:. 

24  0     10  P.  M.  Sup.  6  of  ^. 
30      4      0     13  A.  M.  ({    J)  and  «-  ¥. 

July,  1826. 
D.      H.      M.      S  . 

3     11     38     51  A.  M.  «  i   D  and  f  (j. 
7    10    33    34  P.  M.  <j    >  and  «p  SI* 
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D*      H*     Bf*      S. 
IS      8      0    31P.M.  ({    3  and  %. 

15  0    20         A,M.$    ofv* 

22  3      0    10    ^<       ^   D  and  Situla,  a  near  approach. 

23  6    56    49    "      0  enters  SI 

^       8    S3    66  P.  M.  Em.  1st  Sat.  jjf . 

29  r    18  «      <J   9  ;c  SL  9  y  8-  of  *. 

31       6    20         A.  M.  ^   Y^  and  «  IT,  a  near  approach,  li  2'j^ 

8.  of  9|C. 

August,  1826. 
D.     H.    M.     S. 

1  Great.  Elong.  of  $ ,  East  of  Q* 

*'      4      0    28  A.  M.  <{    9  and  ^,  a  very  near  ap.  Jff  1}'  s. 

of  9. 

8  6    37    81  P.  M.  <J    5  and  t  iijj. 

9  1  «      <J   9  and  i8  tqj  9 , 3'  N.  of  *• 

10  9    20  ^       6    1>    and  % ,  at  nearest  ap.   D  's  N. 

limb  about  20'  apparently  S.  of  ^, 

11  11     04    05    '^       i    ]).  and « Ophiuchi. 

16  ^  Stationary. 

17  2     20  «       <J   Iz  and  At  n,  h  7'  S.  of  *. 

22  1  "       n  of  ^ ,  East  of  ©. 

23  1  20  14    "      ©enters  int. 

24  1  15  "       (i   <f  and  ^^  m,  <?  l6'  S.  of  *. 
27  3  46  07  A.  M.  ^    D  and  C  8?  ^  ^^^  approach. 

30  9  30  "      Inf.  <J  of  y 

In  the  eclipse  of  the  sun  of  the  5th  of  June,  about  two-thirds  of 
his  disc  will  be  obscured  near  the  Antartic  circle  and  long.  90^, 
but  the  eclipse  will  no  where  be  central,  as  the  parallax  of  (he 
moon  is  less  than  her  latitude.  It  is  perhaps  worthy  of  remark, 
that  in  these  three  months,  the  moon  will  not  at  Cambridge,  occuh 
any  star,  whose  magnitude  is  not  less  than  the  fifth* 

Bostofiy  May  22,  1826. 


Sir  Ji^eph  Ambb  40ft 


SkMt.  XLI*^— jf  Reoiew  of  sanu  kaimg  Points  m  the  Official 
Character  and  Proceedings  of  the  UUe  President  of  the  Koyal 
Societg.    By  a  Correspondent. — {PhiL  Mag.] 

[Ccmehided  from  pige  319.] 

I  WILL  now  quote  again  from  the  ^  History  of  the  Instah** 
«es  of  Exclusion  ;^  its  author  is  speaking  of 

^  The  formation  of  every  Council  since  Sir  Joseph's  presi- 
dency, but  particularly  of  the  last  Council.  The  Council  of 
the  Koyal  Society  is,  at  the  same  time,  as  is  well  known,  its 
committee  of  papers,  that  part  of  the  body  who  is  to  decide 
upon  the  merit  of  discoveries,  either  foreign  or  domestic,  and 
to  Ikold  the  equal  balance  between  its  own  laborious  and  in* 
cenious  members.  The  nomination  of  this  body  is  in  the 
Society  at  large,  who,  however,  in  a  very  evil  hour,  have  of 
late  in  fact  left  it  to  their  President,  evidently  under  an  im-> 
plied,  though  not  expressed  covenant,  that  he  would  take  care 
there  should  always  be  in  it  a  proper  number  of  men  of 
science  in  each  branch  qualified  to  ao  the  work  for  which 
they  are  deputed.  *  *  *  But  what-  lists  are  there  put  into 
the  ballotine-boxes  this  year?  *  ♦  *  Where  are  the  me- 
chanics?  Where  are  the  professed  chemists?  Where  are 
the  mathematicians?  Where  are  the  practical  astronomers? 
What  I  not  a  single  astronomer  in  the  Council  of  the  Royal 
Society  of  London,  instituted  for  the  promotion  of  natural 
knowledge,  at  a  time  when  the  heavens,  almost  shut  up  since 
the  creation,  have  been  unfolded  by  Herschel  to  the  curiosity 
of  mankind?  Is  it  possible?  and  do  we  affect  (for  affect  it 
we  must)  to  be  seriously  uneasy,  because  we  suspect  that 
some  foreigners  may  not  have  had  answers  in  form  to  their 
letters  of  form,  while  this  is  our  shame  and  this  is  our  dis- 

frace  ?  *  *  *  *  What  then  is  to  become  of  the  papers,  and 
y  whom  are  they  to  be  tried  ?  Formerly  there  was  some 
kind  of  established  order  in  the  Society ;  the  learned  man 
gave  his  papers  to  the  Secretary,  the  Secretary  in  due  time 
produced  them  to  a  body  of  men  that  was  known,  and  each 
of  whom  was  responsible  for  the  sentence  he  gave.  The 
President  now  takes  them,  the  President  changes  the  order  of 
reading  them  (not  in  particular  cases,  as  alone  he  is  permitted 
by  exception  in  the  statutes,  but  every  Thursday) ;  the  Presi- 
dent may  if  he  pleases  hand  them  about  to  a  junto  (he  must 
hand  them  about  to  somebody),  for  an  opinion,  who  may  be 
the  enemies  or  the  rivals  of  the  writer.  Whoever  sees  not 
Bost.  Jout.  June  ^  Juh/^  1836.  58 
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in  this  as  well  as  in  the  imperial  ludi-magisterial  knock  with 
the  hammer,  in  the  dictatorial  rebuff;  in  the  nomination  of 
Dr  Dryander  to  take  the  catalogue  of  the  books  when  there 
was  a  Librarian  in  the  house,  and  in  the  attempt  to  dinniss 
the  said  clerk  and  librarian  unheard  and  unaamonished, — 
s^es  not  a  fixed  and  settled  plan  of  despotism,  not  less  violent 
in  the  means  than  trifling  in  the  object,  must  have  been  born 
blind,  or  have  made  himself  so.'^ 

^  The  President  is  incurably  sick  with  the  lust  of  domina- 
tion ;*  he  imagines  himself  bom  to  rule  (Good  God !  how  little 
do  men  know  themselves !) ;  and  cannot  perceive  that  he  has 
neither  the  intellectual  nor  the  moral  qualities  of  a  ruler. 
Honesty  he  possesses — the  honesty  of  a  private  man.  Of 
the  honesty  of  a  governor,  for  which  modern  languages  have 
DO  name,  the  Greeks  called  it  iirnktm,  he  is  destitute.^ 

^  We  have  not  written  thus  far  to  dissemble  what  we  think. 
Sir  Joseph  Banks  might  make  a  very  good  clerk,  a  very  good 
attorney,  or  even  a  very  good  treasurer  to  the  Society ;  but 
the  man  who  is  to  fill  the  place  of  President  should  be  some- 
thing more.  We  hear  much  of  his  hospitality,  and  of  his 
public  breakfasts ;  but  surely  the  papers  of  Messrs.  Caven- 
dish, Kirwan,  and  Herschel ;  of  Dr  Maskelyne,  Dr  Hutton, 
and  Mr  Wales ;  of  Mr  Vincc,  Dr  Waring,  Mr  Hunter  and 
Mr  Maseres,  (and  take  these  away,  what  so  great  remains  ?) 
would  have  been'  produced,  though  there  had  been  no 
breakfasts  in  Soho  Square;  and  who  knows  after  all  (we 
speak  upon  more  than  conjecture)  how  many  papers  have 
been  stined,  and  how  many  subjects  of  science  have  been  dis^ 
couraged,  by  the  same  caprice  and  love  of  dominion,  which 
has  dictated  so  many  other  innovations  f  *  *  *  *  The  Royal 
Society  was  a  Society;  we  do  not  wish  to  see  it  a  monarchy: 
it  did  conduct  itself  according  to  the  rules  of  justice  and 
equity ;  we  desire  that  it  may  not  violate  those  rules ;  its 
principles  zcere,  that  the  first  distinction  of  men  is  virtue,  and 
the  second  learning ;  we  cannot  bear  that  birth  (merely  as 

*  As  an  evidence  of  the  manner  in  which  the  President  dictated  to  the 
fellows  in  the  choice  of  officers,  I  here  insert  a  veibaUm  copy  of  an  engraved 
eard  circulated  to  recoaimend  Dr  Blagden. 

"  In  consequence  of  Mr  Maty's  resignation  of  the  Secretaryship  at  the  last 
meeting  of  the  Royal  SocietVi  the  President  takes  this  method  of  acquainting 
you,  that,  at  hit  deiiref  Dr  Blagden  has  declared  himself  a  candidate  for  that 
office.  From  Dr  Blagden's  known  abilities  and  habits  of  diligence,  the  Pre- 
sident does  not  doubt  but  he  will,  if  elected,  fulfil  the  duties  of  the  station 
with  advantage  to  the  Society. 

«  Soho  Square,  March  29, 1784.'*^ 

The  card,  of  which.tlie  above  ia  a  copy,  is  now  ia  my  posseMion. 
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iiocli)  should  take  rank  with  either  of  these*  Now,  the  Pre* 
sident  does  think  that  it  ought  (and  forces  his  noble  friends 
upon  us  accordingfy),  ^nd  therefore  it  Is  proper  to  look  out  fof 
one  who  with  Sir  Joseph  Banks's  merits,  be  those  merits  what 
they  may,  does  not  think  so." 

Such,  according  to  the  representation  of  those  who  were 
active  members  of  the  Royal  Society,  nearly  forty  years  ago, 
were  the  causes  of  the  dissensions  by  which  it  was  then  agi- 
tated. In  the  course  of  these  disputes  Sir  Joseph  and  bis 
friends  formed  the  plan  of  removing  Dr  Hutton,  then  Pro- 
fessor of  Mathematics  in  the  Royal  Military  Academy  at 
Woolwich,  from  the  office  of  Foreign  Secretary,  which  he  had 
discharged  with  great  honour  to  himself,  and  perfectly  to  the 
satisfaction  of  a  majority  of  the  members. 

Here,  again,  that  I  may  not,  however  involuntarily,  slide 
into  any  discolouration  of  circumstances,  I  shall  quote  a  pam- 
phlet published  expressly  on  the  subject,  and  entitled,  ^  An 
Appeal  to  the  Fellows  of  the  Royal  Society,  concerning  the 
Measures  taken  by  Sir  Joseph  Banks,  their  President,  to 
compel  Dr  Hutton  to  resign,  &c/' 

^  Dr  Hutton  is  known  to  be  one  of  the  best  mathematicians 
in  England :  and  he  is  likewise  a  very  good  writer  upon  the 
mathematics,  which  is  far  from  being  the  case  with  every 
person  who  understands  them,  or  is  well  read  in  them.  He 
is  also  remarkably  industrious,  and  has  furnished  the  Philo- 
sophical Transactions  with  more  papers  (and*  those  full  of  in- 
fenuity  as  well  as  learning),  upon  mathematical  subjects,  than, 
believe,  any  other  member  of  the  Society.  He  is  also  Pro- 
fessor of  Mathematics  at  the  Royal  Military  Academy  at 
Woolwich,  where  he  some  years  ago  tried  a  variety  of  most 
curious  and  useful  experiments  upon  the  force  of  fired  gun* 
powder,  and  the  initial  velocity  of  cannon-balls,  similar  to 
those  which  had  formerly  been  tried  upon  the  like  subjects 
with  respect  to  musket-balls,  by  the  late  very  eminent  mathe- 
matician and  engineer,  Mr  Benjamin  Robins.  And  he  after* 
wards  drew  up  an  account  of  these  experiments  upon  cannon* 
balls,  which  was  presented  to  the  Royal  Society,  and  printed 
in  the  Philosophical  Transactions ;  the  Society  rewarding  its 
learned  author  by  giving  him  Sir  Godfrey  Coplejr's  meoal.^ 

It  was  on  account  of  Dr  Hutton's  eminent  abilities  and  his 
extraordinary  activity*  in  devoting  them  not  to  purposes  of 

.    *  Sooh  is  the  igoorance  of  the  writer  in  the  JVew  Timtii  that  he  spf  ^ks  of 
Simpmmj  Huiton,  &c.  a«  mere  elemeotary  writers  for.  school^boyi.    Were  h% 
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ceedings  in  the  Royal  Society,  to  those  in  which  he  engaged 
with  Dr  Priestley*  fiut  Hutton  and  Maskelyne  continued  with 
unabated  ardour  to  promote  science  and  philosophy  in  the 
departments  which  they  had  respectively  chosen ;  Hutton  as 
an  active  conductor  of  experiments  and  a  most  sedulous  and 
successful  author  on  mathematical  subjects,  in  all  their  varie- 
ty, carrying  on  at  the  same  time  a  more  extensive  correspon- 
aence  with  mathematicians  at  home  and  abroad  than  any 
other  man  in  England  ;  Maskelyne  as  an  unwearied  observer 
of  the  heavens,  and  as  the  superintendent  and  director  of  the 
Jfauiical  Almanac^  an  important  work,  to  which  he  gave  a 
correctness  altogether  unequalled  in  any  similar  publication, 
or  even  in  that,  since  it  has  fallen  into  other  liands. 

Although,  however,  these  distinguished  individuals  quitted 
the  Society  for  the  sake  of  ptact^  they  were  not  permitted  to 
remain  in  peace.     The  President  continued  for  years  to  an- 
noy them  with  a  petty  but  inextinguishable  malignity.     His 
opposition  to  Dr  Maskelyne  evinced  itself  most  frequendy  in 
the  Board  of  Longitude^  of  which  he  was,'6ar  off^^  ^  member. 
Sir  Joseph  was  altogether  ignorant  of  nautical  astronomy,  of 
the  construction  of  nautical  instruments,  and  the  principles  of 
mechanics  employed  in  the  construction  of  new  apparatus; 
but  notwithstanding  these  disqualifications,  he  was  incessantly 
setting  up  his  judgment  against  that  of  the  Astronomer  Royal. 
If  the  Astronomer  Royal  brought  forward  any  new  plan  of 
nautical  improvement,  the  President  of  the  Royal  Society  was 
sure  to  oppose  it.     If  the  Astronomer  Royal  recommended  a 
new  instrument,  the  President's  opposition  followed  as  natu- 
rally as  night  succeeds  day.     This  habitual  opposition  by 
degrees  brought  the  Oxford  and  Cambridge  Professors  (who 
were  also  too  officio  members  of  the  Board)  to  be  uniform  sup- 
porters of  Dr  Maskelyne ;  and  this  soon  led  Sir  Joseph  to 
regard  them  as  his  enemies.    Determined  to  maintain  his 
ascendancy,  notwithstanding  the  opposition  of  this  powerful 
phalanx  of  men  of  science,  he  laid  a  plan  for  remodelling 
the  Board.     This  he  could  not  carry  during  Dr  Maskelyne's 
lifetime ;  but  by  dint  of  perseverance  and  intrigue  he  at  length 
succeeded,  and  in  1818  had  influence  enough  to  effect  such 
an  entire  change  in  the  constitution  of  the  Board,  as  brings 
it  under  the  management  of  a  little  committee  in  London, 
^d,  whenever  it  is  necessary,  throws  the  Oxford  and  Cam- 
bridge professors,  certainly  Ae  most  useful  members  of  the 
Boards  into  a  complete  and  decided  minority.  .  Thus,  to  adopt 
the  language  of  the  JVew  Times^  eulogist,  has  "  the  Presi- 
dency been  in  honour  and  activity*^'* 
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Often,  again,  has  the  dislike  of  Sir  Joseph  to  this  eminent 
astronomer  been  manifested  bj  causing  to  be  ^black-balled'^ 
candidates  whose  certificates  Dr  MaskeTyne  had  signed.  From 
twenty  instances  of  this  kind  which  I  could  specify,  I  shall 
only  select  one.  Mr  Stephen  Groombridge^  residing  at  Black- 
heath,  in  the  immediate  vicinity  of  the  Royal  Observatory, 
maintained  a  friendly  intercourse  with  Dr  Maskelyne,  and 
became  himself  a  most  sedulous  astronomical  observer,  hav- 
ing at  considerable  expense  provided  excellent  instruments 
for  that  purpose.  About  two  years  before  Dr  Maskelyne's 
death,  he  (with  others)  signed  the  usual  certificate  recom- 
mending MrGroombridge  as  a  fit  person  to  be  a  fellow  of  the 
Society.  The  signature  of  Dr  Maskelyne  was  fatal.  But 
Sir  Joseph  put  the  rejection  of  Mr  Groom  bridge  upon  another 
pretext.  Mr  Groombridge,  it  seems,  has  a  mercantile  occu- 
pation in  London.  Sir  Joseph,  therefore,  actively  directed 
nis  appropriate  observations  to  the  danglers  at  his  levees  dur- 
ing the  twelve  weeks'  probation.  *' 0/  ho!  we  are  to  have 
London  tradesmen  thrust  tipvn  ta,  are  we?  I  am  astonished  at 
Dr  Maskelyne,  But  we  will  not  degrade  the  Royal  Society  by  the 
admission  of  London  tradesmen ! "  A  fine  illustration,  truly, 
of  the  avowed  principles  of  the  Society  in  1693,  quoted  at 
the  beginning  of  this  review.* 

The  sequel  of  this  afifair  should  not  be  omitted.  In  two  or 
three  years  afterwards  Mr  Groombridge  was  much  extolled 
by  French  and  German  astronomers  on  account  of  the  accu- 
racy and  utility  of  his  researches.   A  new  attempt  was  made 

*  It  would  be  easy  to  fill  a  volume  with  misceUaneous  eiamples  of  the 
capricious  eiercise  of  the  President's  power  with  regard  to  exclustoo.  A 
single  example  shall  be  placed  in  this  note.  A  distinguished  physiologist 
was  proposed  as  a  candidate ;  his  certificate  being  signed  by  two  noblemen, 
by  a  member  whom,  to  avoid  circumlocution,  I  will  call  Mr  A.  C,  and  by 
three  other  members.  On  the  evening  of  election  Mr  A.  C.  observed  I>r 
Mhyander  (who,  though  not  a  fellow,  was  usually  very  busy  on  these  occa- 
sions) trotting  about  from  fellow  to  fellow,  and  whispering  to  each.  Ere 
long  he  came  to  him  :  **  The  President's  compliments,  and  he  will  thank  yoa 
to  black-ball  this  candidate."  '*  Give  my  compliments  to  the  President  (re- 
joined Mr  A.  C),  and  say,  that  thoush  I  might  be  happy  to  oblige  him  on 
ordinary  occasions,  it  would  not  be  decent  now,  as  my  name  is  on  the  certi- 
ficate." By  and  by,  on  examining  the  balloting  box,  the  President  exult- 
ingly  exclaimed,  ^  Jill  black'balU  but  one ! "  It  seems  the  candidate  had  no 
other  friend  than  Mr  A.  C.  present.  But  what,  the  reader  will  inquire,  was 
the  reason  of  his  exclusion  f  Simply  this :  the  names  of  two  noblemen  were 
on  his  certificate !  Had  only  one  nobleman  signed,  it  would  have  added 
weight  to  the  testimonial ;  but  two  noblemen  were  usually  interpreted  to  in- 
dicate a  wish  to  overpower  the  President ;  and  then  it  was^^iTe'//  shoioihtm 
tA^^'f  who :  no  undue  arittocraliaU  auihority  here ! " 
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(Maskelyne  being  dead)  to  get  him  elected ;  and  the  Royal 
Society  was  actually  ^  degrMei  by  the  admission  of  a  London 
tradesman."  Poor  Sir  Joseph !  ^  O  consistent  spirit  of  in* 
consistency,  how  harmonious  are  all  thy  blessed  operations !  ^ 

On  the  death  of  Dr  Maskelyne  in  1811,  (twenty-seven 
years  after  the  dissensions,)  some  of  his  friends  informed  Mrs 
Maskelyne  that  his  library,  which  contained  a  judicious 
selection  of  the  best  books  connected  with  astronomy  in  all 
languages,  would  be  a  valuable  acquisition  to  the  Doctor^s 
successor,  whoever  he  might  be.  She  therefore  offered  the 
whole  library  to  Government  on  a  fair  valuation.  The  mem* 
bers  of  admmistration  to  whom  this  proposal  was  made  were 
at  first  disposed  to  accede  to  k ;  but,  on  consulting  Sir  Joseph 
Banks  on  the  subject,  who,  as  President  of  the  Royal  Society, 
was  one  of  the  visitors  of  the  Observatory,  he  depreciated 
the  value  of  the  library,  and  persuaded  them  to  decline  the 
offer.  The  consequence  was,  that  the  library  was  sold  by 
auction,  and  agents  employed  by  Sir  Joseph  selected  during 
the  sale  those  books  which  they  thought  most  valuable. 

Similar  to  this,  both  in  kind  and  in  operation,  was  the  bo»> 
tilitv  manifested  by  Sir  Joseph  to  Dr  autton.  His  friends,  as 
well  as  Maskelyne's,  if  they  wished  to  become  fellows  of  the 
Royal  Society,  were  regularly  excluded ;  or,  sometimes,  with 
the  utmost  civility^  informed  before  hand,  that  they  ^  had  bet* 
ter  not  expose  themselves  to  the  risque  and  mortification  of 
rejection."  If  any  of  them  presented  papers  to  the  Society, 
they  had  the  honour  of  being  carefully  lodged  in  the  archives 
of  the  Society,  where  the  world  in  general,  or  even  the  mem« 
bers  of  the  Society,  would  derive  no  more  benefit  from  them 
than  if  they  were  deposited  at  the  centre  of  the  earth.  This 
was  the  case  with  memoirs  presented  by  fVildbore^  Vince^ 
Lax^Mudgt^  &C. 

About  the  year  1816,  Dr  Hutton  having,  by  reason  of  his 
advanced  age,  formed  a  determination  to  relinquish  the  habits 
of  a  student  and  the  active  pursuits  of  an  author,  resolved,  in 
consequence,  to  dispose  of  his  library.  He  was  strongly  in- 
duced to  form  this  resolution,  on  being  informed  by  some  of 
his  scientific  friends,  that  there  were  scarcely  any  mathemati* 
cal  books  in  the  British  Museum,  and  that  it  was  exceedingly 
probable  the  governors  would  be  dad  to  enrich  it  with  so 
valuable  and  complete  a  library  as  nis,  if  they  were  properly 
applied  to.  The  views  and  wishes  of  several  of  the  gover- 
nors of  that  national  establishment  were  hereupon  ascertaiih 
ed ;  and  they  were  found  to  be  generally  favourable  to  the 
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suggestion  of  Dr  Hutton's  friends.  The  Doctor  announced  that 
it  was  not  his  wish  to  make  money  by  the  sale  of  his  books, 
but  simply  to  have  them  all  deposited  permanently  in  some 
suitable  place ;  and  that,  therefore,  be  would  most  cheerfully 
abide  by  the  valuation  affixed  by  two  persons,  one  to  be  ap- 
pointed by  each  party.  To  this  proposal  many  of  the  gov- 
ernors were  well  inclined,  and  they  actually  appointed  one  of 
their  officers  to  take  an  inventory  of  the  books,  and  report 
upon  them.  The  report  was  favourable.  In  this  state  of 
things,  Sir  Joseph  Banks  being  then  in  Lincolnshire,  DrHutton, 
feanng  he  might  take  offi^nce  if  not  apprized  of  what  was 
going  on,  wrote  to  communicate  the  requisite  information,  and 
to  express  his  hopes  that  the  proposal  would  be  approved  by 
Sir  Joseph.  To  this  letter  the  Doctor  received  no  reply ; 
but  in  less  than  a  fortnight  after  he  had  despatched  it,  he  was 
informed  that  Sir  Josepn  was  in  London,  and  busily  employed 
among  the  other  governors  of  the  British  Museum  in  dissaud- 
ing  them  from  the  purchase !  From  that  moment  all  nego- 
tiation ceased.  Thus,  it  seems,  does  malignity  sleep  in  the 
breast  of  a  ^  ^nuine  philosopher,''  for  more  than  30  years ; 
when,  on  a  suitable  occasion,  it  starts  from  its  slumber,  and 
proceeds  to  exert  itself  with  all  its  primitive  virulence* 

It  would  be  curious  to  contrast  this  proceeding  with  the 
grateful  eagerness  with  which. Sir  Joseph  promoted  the  ^' job'' 
(as  it  is  universally  designated)  of  transplanting  the  late  Dr 
Burney's  libfary  to  the  British  Museum.     But  f  forbear. 

The  Trigonometrical  Survey  of  England  and  Wales  was 
placed  by  the  Duke  of  Richmond  under  the  direction  of 
Colonel  frtUiams^  diud  Lieutenant  (afterwards  General)  JlftM^e, 
on  the  recommendation  of  Dr  Hutton*  Here  was  a  double 
cause  of  offence  to  Sir  Joseph :  1st,  in  not  confiding  the  su- 
perintendence of  the  Survey  to  him  (for  which,  however,  one 
of  his  grooms  was  just  as  competent  as  himself) :  2dly,  In 
acting  upon  the  opinion  of  Dr  Hutton,  to  whom  he  had  long 
evinced  an  inveterate  hostility.  The  result,  alas !  too  natural 
in  a  man  of  his  deposition,  was,  that  for  a  series  of  years  he 
continued  to  oppose  the  Trigonometrical  Survey,  and  to  tra- 
duce the  character  of  its  conductors.  The  accounts  of  the 
Trigonometrical  Survey  had  been  regularly  published  in  the 
Philosophical  Transactions ;  but  at  length,  through  the  in- 
strumentality of  Sir  Joseph,  further  accounts  were  excluded. 
The  conductors  then  laid  them  before  the  world  in  a  separate 
volume ;  but  this  was  a  new  occasion  of  offence.  A  few 
years  afterwards,  a  forei^er,  Don  Josefh  Rodrigtuzj  was  em- 
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ployed  to  deteriorate  the  reputation  of  Colonel  Mudge^s  ^I^^' 
ations,  and  to  detect,  or  pretend  to  detect,  mistakes*  This 
foreigner  t?as  received  by  Sir  Joseph  with  open  arms,  and 
his  memoir  was  inserted  in  the  Philosophical  Transactions  ; 
although  the  paper  on  which  Rodrieaez  animadverted  had 
not  been  admitted,  and  although  Sir  Joseph  knen  that  at  the 
time  when  he  and  ^^  his  Council  ^  admitted  the  strictures  of 
this  foreigner.  Colonel  Mud^  was  too  ill  to  read  Uiem,  much 
less  to  reply  to  them.  In  that  exigency,  however^  Dr  Ofi^o* 
ry,  of  the  Koyal  Military  Academy,  undertook  to  expose  ue 
fallacy,  inaccuracy,  and  illiberality  of  Don  Josephs  animad« 
tersions ;  and  such  was  the  success  of  his  efforts,  that  from 
that  moment  the  President  of  the  Royal  Society  was  glad  to 
slink  out  of  his  opposition  to  the  Survey,  and  to  lay  the  blame 
of  the  encouragement  given  to  Rodriguez  upon  one  or  other  of 
the  coterie  of  danglers  who  then  surrounded  him.  From  that 
period  he  be^n  to  smile  upon  the  man  whom  he  had  preyious- 
Ty  so  deeply  mjured,  and  Colonel  Mudge  was  found  among  the 
visitors  at  Soho  Square !  But  ingenious  men  can  account  for 
the  strangest  phenomena ;  and  such  have  aflSrmed  that  Sir 
Joseph's  recent  behaviour  to  the  conductor  of  the  Tricono^ 
metrical  Survey,  was  only  a  temporary  cloak  assumed  for 
awhile,  to  be  laid  aside  as  soon  as  a  particular  purpose  was 
accomplished.  Sir  Joseph  had  large  estates  in  Lincolnshire, 
of  which  he  wished  to  possess  an  accurate  map.  None  could 
execute  this  work  so  well  as  the  Ordnance  Surveyors;  and 
when  it  was  finished,  a  few  guineas  would  purchase  the  map 
of  the  whole  county  which  included  Sir  Joseph^s  estates^ 
How  much  better  than  to  employ  a  surveyor  at  his  own  ex* 
pense !  A  fine  project,  truly,  out,  alas !  death  has  defeated 
It ;  and  ere  now  both  the  great  man,  and  the  placable  indif 
vidual  whom  be  endeavoured  to  cajole,  have  learnt  the  vanitt 
of  every  pursuit  except  those  wnich  were  consistent  with 
'  man's  ultimate  end,  and  conducted  upon  principles  which  will 
be  recognized  at  the  final  day  of  account. 

Much  should  I  rejoice  if  I  coukl,  consistently  with  justice, 
omit  to  record  any  other  instance  of  this  lamentable  implacdr 
bility.  The  task,  however,  is  so  repagnant  to  all  the  better 
feeling  of  one^s  nature,  that  a  single  additional  instance  is  all 
I  shall  adduce. 

Six  or  seven  years  ago,  a  gentleman  named  Marrai^  who 
had  attained  a  very  respectable  reputation  as  a  man  of  litera* 
ture  and  science,  and  who  was  then,  I  beHevis,  a  bookseller,  at 
Lincoln,  undertook  a  History  of  the  County  of  Lincoln  under 
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ihe  atispices  of  Sir  Joseph  Banks.  The  work  was  to  be  pub- 
lished in  periodical  OLumbers  or  parts ;  Sir  Joseph  engaging  to 
Jive  it  his  warmest  recommeiLdatioD,  as  well  as  to  lurnish 
iocuments  from  his  private  library,  in  iUustration  of  the  histor  j 
&C.  of  those  portions  of  the  coynty  in  which  his  own  estates 
lay.  Relying  ujpon  these  engagements,  Mr  Marrat  pursued 
ills  labours.  The  work  did  not  obtain  a  sufficient  sale,  as  it 
proceeded,  to  defray  its  own  expenses ;  but  its  author,  urged 
hy  Sir  Joseph  to  persevere,  relaxed  not.  Pleased  with  the 
attentions  of  Sir  Joseph,  he  presented  to  him  a  copy  of  a 
^  Treatise  on  Mechanics,"  which  he  had  published  in  1810 ; 
vho,  much  to  the  astonishment  of  Mr  laarrat,  immediately 
withdrew  his  patronage*  Again  aiid  again  the  historian  of 
Lincoln  wrote  to  Sir  Josepii,  humbly  reminding  him  of  his 
promises,  hinting  at  the  expenses  in  which  he  nad  been  in- 
volved in  consequence  of  those  promises,  entreatmg  Sir  Joseph 
to  furnish  the  documents  which  lie  had  engaged  to  supply,  and 
witt^out  which  the  work  could  not  proceed,  and  urgently 
explaining  how  ruinous  to  himself  the  whole  transaction  must 
be,  unless,  by  being  enabled  to  compleie  the  publication,  he 
mi^t  have  some  probability  cf  remuneration.  But  his  let- 
ters, his  expostulations,  and  his  arguments  were  all  in  vain. 
No  answer  <:ottld  he  obtain ;  and  though  he,  at  length,  em- 
ployed a  .common  friend,  who  had  been  present  in  Sir  Jo- 
eeph^s  library  when  the  promises  were  made  to  Mr  Marrat, 
6till  nothii^  could  overcome  the  great  man's  inflexible  silence* 
What  will  the  reader  conjecture  was  the  occasion  of  this  ex- 
Iraordinary  behaviour  ?  I  blush  for  human  nature,  while  I 
tell  him,  that  this  .unfortunate  book  of  mechanics.  In  so  luck- 
less an  hour  presented  to  Sir  Joseph  Banks,  was  dedicated  to 
Dr  Button  !  to  the  man  who,  between  Hdrty  and  forty  years  ber 
/ore,  had  offended  the  President  of  the  Royal  Society ! ! 

Poor  Mr  Marrat's  drouniBtanes  became  so  embarrassed  by 
reason  of  Sir.Josepfa's  liard  treatment,  that  he  was  obliged  to 
quit  England,  ile  went  over  to  New  York,  cariying  with 
him  letters-of  recommendation  from  Dr  Hutton  and  Dr  Grego- 
ry ;  and  he  is  now  a  Professor  of  Mathematics  in  one  of  me 
colleges  of  that  State. 

Ticed,  as  I  now  am  .of  recording  examples  of  Sir  Joseph^s 
vexatious,  .or  indecorous,  or  malignant  treatment  of  indvoidu' 
als  ;  let  me  proceed  to  alleviate  my  own  fatigue,  and  proba 
bly  ihat  of  the  leader,  by  adverting,  as  briefly  as  possible 
to  his  illiberal  treatment  !of  different  societies ;  after  which  I 
ifaall  terminate  these  iremarks. 
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About  the  year  1793  or  1793  was  established  the  ^^Society^ 
for  impraimg  Naroal  Architecture.^  The  very  title  of  this 
Society  declares  the  momentous  nature  of  its  objects,  espe- 
cially in  a  country  like  ours,  which  owes  so  much  to  its  com- 
mercial and  naval  preeminence.  The  members  of  this 
Society  were  very  numerous,  and  highly  respectable  in  char^ 
acter,  consisting  principally  of  public-spirited  noblemen, 
practical  engineers,  mathematicians,  naval  officers,  merchants, 
and  ship-buiidcrs.  Their  attention  was  directed  to  the  va- 
riety of  topics  included  in  the  theory  and  practice  of  ship- 
building ;  such  as  the  strength  and  strain  of  materials,  their 
preservation,  the  resistance  given  by  water  to  bodies  of  dif- 
ferent shapes  moving  in  it,  the  structure  of  masts,  the  shape 
and  position  of  the  sails,  the  form  and  operation  of  the  rud- 
der, &c.  They  made  many  experiments,  and  some  of  them 
most  useful  in  their  tendency :  every  thing  went  on  well,  till 
their  operations  began  to  be  impeded  by  the  jealousies  of  Sir 
Joseph  Banks*  Not  satisfied  with  being  at  the  head  of  the 
Royal  Society,  he  was  anxious  to  be  at  the  head  of  this 
Society  also.  Sir  Joseph  was  Vice-President ;  but  the  Presi- 
dent was  the  late  Earl  Stanhope,  a  man  of  extraordinary 
talent  (whatever  his  peculiarities  might  be),  and  too  inflexible 
to  yield  to  the  ambition  of  one  for  whose  abilities  he  enter- 
tained a  most  sovereign  contempt.  Sir  Joseph,  however,  uni- 
formly thwarted  the  plans  proposed  by  his  lordship  and  the 
bulk  of  the  Society,  and  soon  formed  a  party  of  bis  own  for 
the  purpose  of  systematic  annoyance.  This  led  to  a  deter- 
mination on  the  part  of  the  main  body  to  free  themselves 
from  this  source  of  vexation.  A  series  of  resolutions  was 
framed,  proposed  by  the  late  Mr  WiUiam^Nicholson  (Editor  of 
the  Philosophical  Journal),  and  carried  by  a  large  majority. 
In  these  the  Society  firmly  declared  their  determination  to 
support  the  President,  so  long  as  he  continued  to  aid  and 
sanction  the  legitimate  objects  of  the  Society.  Sir  Joseph 
shortly  after  retired  from  the  institution ;  but  not  to  remain  m 
inactivity*  At  that  period  a  most  virulent  spirit  of  political 
animosity,  engendered  by  the  acts  of  the  French  revolution, 
was  in  constant  operation.  Sir  Joseph  availing  himself  of 
this,  and  of  the  political  character  of  Lord  Stanhope,  most 
diligently  insinuated  among  different  members  of  His  Majes- 
ty's government,  that  the  Society,  under  colour  of  an  associa- 
tion for  better  purposes,  was  a  Jacobinical  confederacy  with 
Citizen  Stanhope  at  their  head.  This  calumny  soon  produced 
its  designed  effect ;  so  that  by  a  series  of  rapid  steps,  which  I 
need  not  here  detail,  this  useful  institution  became  extinct. 
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lifr  Nicholson  afterwards  became  a  neighbour  of  Sir  Jo- 
seph's, in  Soho  Square,  and  a  certain  de^ee  of  intimacy,  in 
consequence,  subsisted  between  them ;  Mr  Nicholson  occa- 
sionally conducting  experiments  on  voltaism,  &c.  at  the 
President's  house.  Still,  his  crime  in  opposing  Sir  Joseph  in 
the  Society  for  improving  Naval  Architecture  was  never  cor- 
dially forgiven ;  nor  was  he  ever  admitted  a  fellow  of  the 
Royal  Society.  No,  no :  "  To  be  sure  Jiichohon  is  a  clever 
fellow*  But  you  know  he  is  only  a  sailor^boy  turned  schoolnias' 
ter  ;  and  we  cannot^  with  any  sort  of  propriety^  admit  suchpeo* 
pie  among  us. 

When  the  ^^ Royal  Institution^^  in  Albemarle  Street  was  es- 
tablished, it  commenced  under  too  powerful  auspices  for  Sir 
Josep  )  to  think  it  expedient  to  attempt  any  formal  opposition. 
He  therefore  became  its  friend ;  ana  favoured  the  managers 
with  his  advice.  But  his  conduct  soon  proved  that  he  was  ac* 
tuated  by  the  puerile  jealousies  of  a  little  mind.  The  influence 
of  the  President  of  the  Royal  Society  might  naturally  have 
been  employed  in  recommending  to  the  Institution  lecturers 
of  eminence  in  diflerent  departments,  or  in  lending  his  mature 
and  comprehensive  judgment  in  the  formntion  of  a  library. 
But  instead  of  these,  Sir  Joseph  exerted  the  energies  of  his 
mighty  mind — how  ?  in  taking  care  that  the  Journals  of  the 
Royal  Institution  should  not  be  printed  in  quarto  !  Why  not  in 
quarto  ?  Truly  for  this  cogent  reason,  that  the  Philosophical 
Transactions  are  published  in  quarto  ;  and  to  print  those  jour- 
nals in  the  same  sized  page  might  excite  an  unfavourable 
comparison ! 

In  1813,  when  several  distinguished  mineralogists  and  geol- 
ogists established  the**  Geological Society^'^  the  members  invited 
the  President  of  the  Royal  Society  to  join  them,  and  he  ac- 
cepted the  invitation.  He  had  not  lone,  however,  joined  this 
new  association  before  he  began  to  snow,  as  on  all  similar 
occasions,  that  he  regarded  the  Royal  Society  as  the  "  Aaron's 
rod  "  of  scientific  institutions  which  was  to  swallow  up  all  the 
rest.  When  the  papers  read  in  the  Geological  Society  had 
so  increased  in  magnitude  and  interest,  that  it  became  a  (|ues- 
tion  whether  the  Society  should  not  issue  a  volume.  Sir  Joseph 
proposed  that  they  should  be  inserted  in  the  Transactions  of 
the  Royal  Society.  This  might  perhaps  have  been  acceded  to ; 
but  it  was  accompanied  with  the  further  extraordinary  condi- 
tion, that  after  the  Council  of  the  Geological  Society  had  determined 
what  papers  should  be  printed  and  what  laid  aside,  ^his  Cout^ 
4»/,"  that  u,  the  Counal  of  the  Royal  Society^  should  have  the 
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Jurther  power  of  adopting  or  r^ecHng  those  which  were  Aus 
selected  for  their  use.  This  straoge  condition  naturally  caused 
the  rejection  of  Sir  Joseph's  proposal.  Immediat^  he  se- 
ceded from  the  Geological  Society,  with  many  of  his  frienas* 
The  Society,  however,  continued  to  flourish  notwithstanding ; 
and  in  the  course  of  three  or  four  years,  several  of  the  se- 
ceding members  begged  to  be  re-adroiUed« 

In  1818,  it  was  attempted,  under  the  auspices  of  the  British 
Government,  to  carry  into  effect  a  plan  for  determining  with 
considerable  accuracy  the  relative  values  of  the  weights  and 
measures  of  all  trading  countries.  This  plan  originated  wkh 
J}r  Kelly^  of  Finsbury  Square,  who  was  about  to  prepare  a 
new  edition  of  '^  The  Universal  Cambist,^'  a  comprehensive 
work  on  the  monies,  weights,  and  measures  of  all  countries, 
which  had  been  liberally  patronized  by  Government,  llie 
Doctor  pointed  out  to  ^^  the  Board  of  Trade ''  the  advantages 
that  would  accrue  to  the  oommcrcial  world,  if  Government 
would  avail  themselves  of  this  season  of  universal  peace,  and 
iobtain  accurate  standards  of  the  principal  measures  of  all 
x:ountries.  In  consequence  of  this  suggestion,  Lord  Casde- 
reagh,  by  the  recommendation  of  the  Board  of  Trade,  issued 
a  circular  in  March,  1818,  directing  all  the  Britbh  Consuls 
abroad  to  send  home  copies  of  the  principal  standards  of 
weight  and  measure,  employed  within  their  respective  consu- 
lates, verified  by  the  proper  authorities,  and  accompanied  by 
explanatory  papers.  This  order  was  executed  in  the  course 
of  the  year,  in  a  very  complete  and  satisfactory  manner ;  and 
the  standards  thus  transmitted  were  deposited  in  our  Royal 
Mint,  where  the  comparisons  were  to  be  made  by  RiAert 
Binel^i  Esq.  the  King's  Assay-master,  in  conjunction  with 
Dr  Kelly ;  the  latter  of  whom  was  to  publish  the  results  in 
the  new  edition  of  his  Cambist. 

The  business,  it  would  seem,  had  proceeded  thus  far  un- 
known to  Sir  Joseph  Banks,  although  he  was  a  member  of  the 
Board  of  Trade.  No  sooner  did  he  learn  what  had  been 
going  on,  than  he  expressed  great  displeasure  that  the  plan 
was  not  under  his  direction ;  and  he  had  suflScient  influence 
to  obtain  an  order  compelling  the  officers  at  the  Mint  to  de- 
sist from  all  further  proceedings  in  reference  to  these  foreign 
.standards.  Thus  he  occasioned  a  delay  of  more  than  a  year. 
At  length,  different  members  of  the  Board  of  Trade,  who 
were  apprized  of  this  delay,  called  upon  Sir  Joseph  to  assign 
his  reasons,  which  appeared  so  frivolous  that  be  was  imme- 
diately outvoted  upon  the  question,  and  the  inquiry  ordered 
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to  proceed,  agreeably  to  the  original  directions.  Sir  Joaeph^s 
plea  for  his  opposition  to  so  natural  a  plan,  was,  that  as  he 
had  recently  got  Liord  Stanhope's  scheme  overthrown,  and  a 
commission  appointed  to  revise  British  weights  and  measures, 
a  commission  at  the  head  of  which  he  was  placed,  it  would 
be  highly  unbecoming  and  indecorous  to  allow  any  experi- 
ments on  foreign  weights  and  measures  to  be  carried  oh  at 
the  Royal  Mint  independently  of  him  and  his  colleagues  in 
the  said  commission.  This  childish  pretext  was  altogether 
disapproved  by  most  of  the  members  of  the  Board,  and  sub* 
jectea  Sir  Joseph  to  the  mortification  of  defeat ;  a  mortifica^ 
tion  which  he  did  not  very  long  survive. 

At  the  commencement  of  the  present  year  1820,  several 
promoters  of  astronomy  in  theory  and  practice  instituted  an 
^  Astronomical  SocietjfJ"  An  interesting  address  explanatory 
of  the  objects  of  the  Society,  was  drawn  up  and  actively  cir* 
culated,  not  merely  among  the  friends  to  astronomical  science 
in  Britain,  but  among  the  principal  encouragers  of  astronomy 
on  the  continent.  Stimulated  by  this  adckess,  nearly  all  the 
distinguished  observers,  and  other  promoters  of  astronomy  in 
theory  and  practice  in  Britain,  became  members,  and  several 
of  the  most  eminent  astronomers  abroad  have  testified  their 
approbation  of  the  Society,  and  requested  to  be  admitted  as 
associates.  Among  the  officers  for  conducting  the  affairs  of 
the  Institution  during  the  first  year,  we  observe  the  following 
well-known  names :  Sir  W.  Herschel,  the  Astronomer  Roml^  Drs 
Pearson  and  Gregory^  Col  Beaufoy^  Copt.  CoWy^  Messrs  Babbe^ej 
Baily^  Colebrookej  GroonAriJ^e,  J.  F.  W.  Herschel^  Harrison^ 
Moore,  Stokes,  and  Trou^Uon.  Thus  far  the  Society  has  pro- 
ceeded with  unpredicted  success ;  and  there  is  every  proba- 
bility that  it  will  long  and  extensively  tend  to  the  dimision  of 
astronomical  knowledge.  It  has  already  operated  as  an  incen- 
tive to  other  learned  bodies ;  of  which  a  most  gratifying 
evidence  presents  itself,  in  the  resolution  of  the  UniFersity  of 
Cambridge  to  erect  a  new  Observatory  upon  a  grand  and 
noble  scSe. 

Copies  of  this  address,  so  well  received  in  every  other 
quarter,  were  presented  to  Sir  Joseph  Banks :  it  will  be  natu* 
ral  to  inquire.  How  did  he  receive  them  t  I  really  regret  to 
say,  that  their  af^earance  called  forth  the  most  puenle  and 
pitiable  jealousy.  Several  of  the  members  of  the  new  So- 
ciety were  fellows  of  the  Royal  Society,  and  personal  friends 
of  Sir  Joseph.  These  he  subsequently  treated  with  coolness 
and  incivility ;  and  some  be  even  affected  not  to  knovh  Shortly 
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afterwards  he  summoned  the  Council  of  the  Royal  Society 
("  his  Council,"  as  they  were  still  denominated),  laid  before 
them  this  address,  and  with  a  countenance  half  tinged  with 
melancholy,  half  with  anger,  asked  what  was  to  be  done  ? 
Thiey  recommended  him  to  let  the  new  Society  alone,  unless 
he  wished  to  establish  it  on  a  firm  and  durable  basis  by  his 
opposition ;  but  this  was  advice  too  judicious  and  sensible  to 
be  followed*  He  then  expostulated  with  the  Astronomer 
Royal  upon  his  grossly  reprehensible  conduct,  in  sanctioning 
the  new  Society  ;  but  the  Astronomer  Royal  was  inflexible, 
and  so  stupidly  blind  as  not  to  be  convinced  by  Sir  Joseph's 
arguments,  that  to  sanction  a  British  Astronomical  Society 
was  altogether  irreconcileable  with  the  duties  of  Astronomer 
Royal  of  Britain.  Sir  Joseph  next  expostulated  with  the 
Dwce  of  Somerset^  who  had  consented  to  be  president  of  the 
Astronomical  Society,  and  who,  if  I  am  correctly  informed, 
had  actually  attended  one  of  the  meetings,  on  the  incompati- 
biiity  of  this  procedure  with  the  duty  of  a  faithful  member 
of  tne  Royal  Society :  his  Grace,  in  consequence,  withdrew 
from  the  new  Society. 

An  active  member  of  the  Astronomical  Society,  whose 
name  I  need  not  specify,  had  received  a  promise  from  Sir 
Joseph  Banks,  that  whenever  there  was  a  vacancy  among  the 
Royal  Society  members  of  the  Board  of  Longitude,  he  would 
recommend  nim  as  an  admirably  qualified  person.  On  the 
death  of  Gen.  Mudge,  this  gentleman  called  upon  Sir  Joseph 
Banks  and  reminded  him  of  his  promise.  Sir  Joseph  replied, 
that  by  becoming  a  mender  of  the  Astronomical  Society  he  had 
forfeited  all  claims  upon  his  recommendation  for  the  Board  of  Lou- 
gitiide  ! 

How  utterly  repugnant  all  this  is  to  the  character  of  an 
English  gentleman,  to  say  nothing  of  a  philosopher,  must  be 
evident  to  every  one.  Nothing,  it  seems,  that  had  a  tendency 
to  promote  British  science  in  any  department,  could  be  toler- 
ated by  Sir  Joseph  Banks,  unless  it  were  in  league  with,  or 
rather  in  subserviency  to,  the  Royal  Society :  nothing  was  to 
be  encouraged  by  that  Society  unless  it  met  his  full  approba- 
tion :  and  scarcely  any  person  could  obtain  admission  lor  his 
papers  into  the  Philosophical  Transactions  (however  indis- 
putable their  merit),  or  for  himself  as  a/e/fow  (however  es- 
tablished his  reputation,)  unless  either  by  dancing  attendance 
with  assiduous  irequency,Qr,  by  getting  some  approved  friend 
to  sue  for  his  excuse  from  this  degrading  process,  he  caught 
the  smiles  and  the  sanction  of  the  great  man.    If  genuine 
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science  and  philosophy  have  gained  ground  in  England,  dur« 
in^  the  last  40  years,  notwithstanding  the  tendency  of  these 
things  to  impede  their  progress,  it  must  have  been  from  the 
operation  of  circumstances  over  which  Sir  Joseph,  his  habits 
and  propensities,  had  no  control. 

After  the  preceding  enumeration  of  particulars,  I  may  safe- 
ly ask,  If  the  knowledge  of  pure  mathematics  have  declined 
in  England  during  the  last  40  years,  who  can  help  ascribing 
it  to  Sir  Joseph  Banks  ?     If  mixed  mathematics,  if  practical 
mechanics,  if  geology  and  mineralogy,  if  astronomy,  nay,  if 
chemistry,  have  made  any  considerable  advances  in  England ; 
or  if  any  of  them  have  been  enriched  with  noble  inventions 
and  brilliant  discoveries,  who  will  venture  to  impute  the  least 
portion  of  those  advances,  0|r  the  least  valuable  of  those  dis- 
coveries, to  the  fostering  influence  of  that  celebrated  individ- 
ual ?     The  flatterers  of  Sir  Joseph  have  termed  him  the 
Solon^  the  Nestor^  the  Meccmas  of  British  science ;  and  he  must 
doubdess  have  laughed  in  his  sleeve  at  their  simplicity  or 
their  folly,  whenever  he  knew  them  so  to  speak.     The  Me- 
c^NAs  truly !  What  tragedies  did  he  compose  ?  What  memoirs 
of  distinguished  men  ?    What  classifications  of  precious  stones  ? 
What  was  the  name  of  the  learned  man  whose  estates  he  re- 
deemed, as  Mecaenas  did  those  of  Virgil  ?    What  poet  or  phi- 
losopher owed  deliverance  from  royal  disgrace  to  his  unsought 
intervention  ?     What  real  promoter  of  science  did  he  on  his 
death-bed  recommend  to  the  especial  patronage  of  his  Prince, 
as  M ecaenas  did  Horace  to  Augustus  ?    The  Mecjenas  !    Into 
what  will  flattery  precipitate  men !   Why  not  the  Newton,  at 
once  f  and  why  not  propose  for  his  epitaph — 

Sibi  g^tulentar  mortaies, 
Tale  tantumque  eititisse 
Humani  generis  decus ! 

One  remark  more,  and  I  have  done. .  Much  has  been  said 
of  Sir  Joseph's  hospitality ;  and  there  has  been  inferred  from 
it  the  necessity  that  his  successor  in  the  chair  of  the  Royal 
Society  should  be  a  man  of  opulence.  This  is  very  falla- 
cious, and  easily  exposed.  Had  Sir  Joseph,  instead  of  aspir^ 
injg  to  honour  among  philosophers,  contented  himself  with 
moving  in  the  sphere  of  a  country  gentleman,  he  would 
doubtless  have  given  as  many  dinner  parties  to  the  neigh- 
bouring eentrj^,  and  placed  before  them  as  splendid  repasts, 
as  he  did  to  his  philosophical  associates.  And  as  to  his  ^eo- 
pariies,  I  know  of  nothing  peculiar  about  them,  except  it  be 
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lliat  in  order  to  show  a  philosophic  indifference  to  the  Chris- 
tian Sabbath,  they  were  for  many  years  held  on  Sundoj/  evenr 
itm$^  Several  persons  who  have  attended  them  frequently, 
and  who  were,  on  the  whole,  pleased  with  the  society  they 
there  met  with,  have  always  found  it  difficult  to  suppress  a 
4unile  when  they  have  heard  of  the  opulence  necessary  to 
continue  the  practice,  and  affirm  that  they  would  engage  to 
defray  the  whole  expense  for  much  less  than  150/*  per 
annum. 

After  all,  it  does  not  appear  quite  aaotomatic^  that  genuine 
science  and  philosophy  are  essentially,  if  at  all,  promoted  by 
this  kind  of  parties.  They  tend  wonderfully  to  the  forma- 
lion  of  distinct  coteries.  When  from  50  to  100  persons,  es- 
|>ecially  men  of  talent,  meet  frequently,  talk-  much  about 
their  own  concerns,  or  speculations,  or  discoveries,  or  suppo»> 
<ed  discoveries,  and  little  about  those  of  other  persons,  it  re* 
quires  much  more  watchfulness,  and  much  more  freedom 
^!om  vanity,  than  usually  falls  to  the  lot  of  mortals,  to  pre- 
serve these  individuals  from  thinking  themselves  **  the  wisi^ 
mid  thai  wiadom  will  die  with  ihem.^ 

Doubtless  the  researches  and  discoveries  of  HtUtan^  Map- 
kelyne,  Landen^  Waring,  Herschel^  Ycung^  Daoy^  Wotlasttmy 
Mac  CuUoth^  Brewster^  ivarvj  and  very  many  others,  the  glory 
wS  British  science,  would  nave  had  all  their  intrinsic  excet 
Jency  and  all  their  distinguished  celebrity,  although  Sir 
Joseph  Banks  had  never  gratuitously  dispensed  a  sin^e  ci^ 
(of  tea* 


Art.  XUh-^^Obseroatians  and  Experiments  on  the  Structure  and 
FunctioM _^  the  Sponge*  By  Robkbt  Edhqhd  Graht,  M.D., 
F.  R.  S.  E^  F.  L.  S.,  BL  W.  S«,  iDC.*'^Edin.  PhiL  Jour.] 

Spoir«x8  are  aquatic  productions ;  and  as  the  three  known 
«pecies  of  freeh'water  sponge,  the  Spov^Ua  puMnata^  SpangiUa 
friaiiUi,  and  SpongiUa  ramosa^  are  now  excluded  from  the 
genus  Spongia  by  the  best  authorities,  Lamarck,  Lamouroux, 
and  Cuvier,  all  the  known  species  of  true  sponge  are  inhabi- 
Jtants  of  the  ocean. 


.  *  Read  before  tiM  Werneritn  Ifatonl  Uiatory  Society,  IMh  Febnnnr  end 
MiManh,  16W. 
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Sponges  have  a  very  wide  geographical  dtstribution.  They 
have  b^n  met  with  on  the  coasts  of  Norway,  New  Holland^ 
North  America,  Otaheite,  and  most  of  the  intervening  shores. 
Fabricius  found  several  species  on  the  shores  of  Gnsenlandi 
and  nearly  an  hundred  species  were  brought  by  Peron  from 
Australasia ;  so  that  this  genus  has  a  known  distribution  over 
nearly  90  degrees  of  latitude,  and  within  this  range  they  are 
known  to  abound  on  the  shores  of  Europe,  Asia,  Africa,  and 
America. 

Their  growth  and  distribution,  like  those  of  other  animals, 
are  influenced  by  climate.  They  arrive  at  greatest  perfec- 
tion within  the  tropics,  and  become  smaller,  more  rare,  and 
of  a  firmer  texture,  as  we  approach  the  polar  circles.  Those 
most  valued  in  the  arts,  the  Spongia  communis^  Spongia  /acmu- 
feso,  and  Sowim  usitatissimaj  are  inhabitants  of  the.  coasts  ot 
America,  the  Mediterranean,  the  Red  Sea^  and  the  Indian 
Ocean.  The  small  Spm^ia  comprtssa  and  the  <S§pongia  dUata 
thrive  on  the  frozen  ^ores  of  Greenland,  beyond  the  6(Hli 
degree  of  north  latitude. 

It  is  not  known  under  what  pressure  of  the  ocean  these  de* 
licate  creatures  may  live,  but  they  are  found  equally  in  places 
covered  perpetually  by  the  sea,  as  in  those  which  it  leaves  dry 
at  every  recess  of  the  tide.  They  adhere  to  and  spread  over 
the  surface  of  rocks,  Thalassiophytes,  and  marine  animals, 
and  are  so  firmly  attached  to  them,  that  they  cannot  be  re- 
moved without  lacerating  or  injuring  their  bodies.  Althou^ 
-they  thrive  best  in  the  sheltered  cavities  of  rocks,  they  come 
to  maturity  in  situations  exposed  to  the  unbroken  fury  of  the 
surge ;  but  in  the  latter  situations,  I  have  always  observed 
them  smaller  and  firmer  in  their  texture,  like  those  inhabiting 
colder  climates,  whether  their  exposure  were  to  the  north  or 
south.  They  cover  the  nakedness  of  cliffs  and  boulders,  they 
Kne  with  a  variegated  and  downy  fleece  the  walls  of  submar 
rine  caves,  or  hang  in  living  stalactites  from  the  roofs. 

They  attach  themselves  indiscriminately  to  bodies  belong 
ing'to  the  mineral,  vegetable,  and  animal  kingdoms,  and  the 
individual  species  seem  to  have  no  law  with  regard  to  the 
particular  substances  to  which  they  adhere.  I  have  found 
sponges  adhering  to  basalt,  greenstone,  sandstone,  soft  slate- 
clay,  various  kinds  of  fuci,  shells  of  living  and  of  dead  moU 
hjLsca^  shells  of  living  crustaceous  animals,  SertularuB^  Ftustra^ 
CoraMtne^,  and  even  to  the  soft  surface  of  living  compound 
Ascidia ;  but  I  have  not  seen  them  on  clay,  sand,  gravel,  bi* 
tuminous  shale,  decayed  wood,  nor  any  metallic  body,  though 
favourably  placed  to  receive  them. 
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The  branched  species  I  have  always  found  haneing  perpen- 
dicularly from  the  under  and  sheltered  surface  of  solid  over- 
hanging cliffs,  or  tabular  masses  of  rock.  The  flat  spreading 
species  with  projecting  papilla^  I  have  generally  found  on  the 
sides  of  boulders ;  while  the  flat  species,  without  promiaent 
papills,  are  generallv  seen  on  the  under  surface  of  rocks,  or 
enveloping  bodies  which  admit  of  a  little  motion  by  the  agi- 
tation of  the  sea.  The  delicate  and  beautiful  Spongim  can^ 
prtssm  I  have  found  hanging  from  the  surface  of  Ascidia,  or 
of  flat  sponges,  which  covered  the  under  surface  of  rocks : 
they  hang  either  single  or  attached  in  groups,  and  are  like- 
wise seen  attached  to  the  rock  itself.  The  Spongia  coalita  is 
a  branched  species,  capable  of  rising  erect,  from  the  great 
breadth  of  its  base,  the  firmness  of  its  skeleton,  and  the  fre- 
quent anastomoses  of  its  branches. 

The  known  range  of  magnitude  of  the  sponge  is  perhaps 
greater  than  that  of  any  other  animal ;  indeed,  it  is  one  of 
the  most  irregular  of  organized  beings  in  magnitude,  form, 
and  colour.  The  Spongim  compressa  of  the  Frith  of  Forth 
sometimes  do  not  exceed  half  an  inch  when  full  grown,  while 
the  splendid  Spor^w  cratertformes  of  tropical  seas,  are  known 
to  acquire  a  magnitude  of  nearly  four  feet.  And  probably 
sponges  acquire  a  much  greater  size  when  they  spread  over 
the  sheltered  surface  of  cliffs  in  the  warmer  parts  of  the 
ocean.  The  flat  spreading  species  of  the  Fritn  of  Forth 
acquire  a  much  ^eater  size  than  any  of  the  branched  kinds. 

The  forms  which  this  animal  assumes  are  very  various,  and. 
that  of  the  spreading  flat  species  depends  much  on  the  sur- 
face to  which  they  adhere.  They  are  found  sessile,  pedun- 
culated, flabelliform,  infundibuiiform,  tubular,  foliaceous  and 
branched.  From  these  seven  general  yarieties  of  form,  they 
have  been  divided  by  Lamarck  into  seven  groups,  each  of 
which  contains  many  species,  again  characterisea  by  parti- 
cular forms,  subordinate  to  the  general  form  of  the  group. 
The  colours  are  likewise  employed  to  discriminate  the  spe- 
cies ;  but  as  they  entirely  change  by  drying,  they  afford  less 
useful  characters.  The  most  frequent  colours  are  brown  and 
yellow,  though  sponfi;es  are  likewise  met  with  grey,  green, 
and  white ;  even  red  and  black  species  {Spon^  rubra  aiid 
Sp(mgia  nigra)  are  found  near  Suez  in  the  Red  Sea.  The 
odours  of  some  sponges  are  decidedly  animal,  while  others 
belong  to  common  and  well-known  vegetables.  The  Spongia 
coalita,  when  newly  taken  from  the  water,  smells  very  strongly 
of  the  common  muscle,  and  when  burnt,  it  still  resembles  the 
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same  bivalve  burnt ;  the.Spongia  compressOj  on  the  other  hand, 
smells  strongly  of  the  common  mushroom;  some,  as  the 
Spongia  oculata^  have  scarce!  j  a  perceptible  odour, 
^n  their  natural  state,  they  are  soft  and  elastic,  and  possess 
lively  colours ;  but  many  of  the  species,  b v  drying,  become . 
quite  friable,  lose  their  fine  shades  of  colour,  and  become 
white.  Soon  after  death,  they  pass  through  a  bluish  colour 
to  black,  by  putrefaction.  The  whole  body  of  a  sponge  is 
specifically  heavier  than  sea-water;  and  each  of  its  pafts 
taken  separately  sinks  in  that  element. 

From  the  softness  and  permanent  elasticity  of  the  fibres' of 
many  species,  both  in  the  moist  and  dry  state,  this  animal  is 
employed  in  the  arts,  and  in  domestic  economy,  where  its 
place  could  not  be  supplied  by  any  other  known  substance, 
books  have  been  written  in  the  German  and  English  lan- 
guages by  Zeller  and  White,  on  the  uses  of  the  sponge  in 
surgical  operations.  The  fibres  contain  muriate  and  carbo-  - 
nate  of  soda,  iodine,  and,  like  Thalassiophytes,  carbonaceous 
matter.  From  their  iodine,  they  have  been  much  and  suc- 
cessfully employed  in  the  treatment  of  bronchocele,  and  in 
the  removal  of  chronic  enlargements  of  the  glands,  in  the 
mountainous  districts  of  the  Continent.  In  the  British  do- 
minions, the  Spongia  officinalis  {Spongia  tacinulosa^  Lamarck) 
is  recommended  as. an  article  of  Materia  Medica  by  the  Col- 
leges of  Physicians  of  London,  Dublin,  and  Edinburgh. 
Sponges  form  a  valuable  article  of  commerce  in  the  East, 
and  some  islands  of  the  Mediterranean  export  no  other  article 
of  trade* 

The  species  of  this  animal  were  studied, — their  characters 
were  desci^ibed, — their  phenomena  in  the  living  state  were 
observed, — >and  their  uses  in  the  arts  were  known,  by  the 
Greeks  more  than  2000  years  ago.  It  is  pleasing  to  observe,  « 
that  our  forefatjiers,  at  such  a  remote  period,  were  occupied, 
like  ourselves,  among  the  rocks  of  the  sea-shore,  experiment- 
ing on  this  humble  and  apparently  insignificant  being;  and, 
if  we  possessed  entire  the  writings  of  .the  naturalists  of  that 
period,  particularly  of  those  alluded  to  by  Aristotle  on  the 
shores  of  the  Toronian  Gulf,  there  would,  probably,  be  noth-  ' 
ing  new  in  the  details  of  the  following  mquiry.  Aristotle 
gives  an  account,  in  his  usual  brief  manner,  of  the  theories 
which  had  prevailed  among  naturalists  before  his  time,  con- 
cerning the  vitality  of  the  sponge ;  dnd  mentions  the  argu- 
ments which  had  been,  used  to  prove  that  this  animal  is  sen- 
sitive*   It  was  asserted  by  some,  that  the  sponge  contracted 
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itself,  when  an  attempt  was  made  to  tear  it  from  the  rock ; 
and  that  it  embraced  more  firmlT  the  roqk  to  which  it  was 
attached,  when  the  winds  blew  violentlj  upon  it,  or  the  wavps 
dashed  against  U.  But  he  does  not  state  this  as  his  own 
opinion;  and  he  even  mentions,  that  the  naturalists  of  Torona 
doubted  the  truth  of  these  facts.  He  gives  an  account  of 
the  different  kinds  of  small  animals  found  in  the  cavities  of 
sponges,  some  resembling  the  larvie  o(  moths,  or  other  winged 
insects;  others  resembling  earth-worms.  He  particularlr 
describes  the  PmnophoUicea  {Pinnoikeres  of  Latreille)  or  small 
pea- crabs,  as  infesting  the  cavities  of  sponges ;  and  sajs,  that 
they  open  their  mouths,*  to  allow  small  animalcules  to  enter, 
ana  shut  them  in,  to  destroy  them  when  caught.  These  diF> 
ferent  animals,  however,  he  states,  merely  shelter  themselves, 
and  are  nourished  in  the  cavities  of  the  sponge ;  they  become 
the  prey  of  small  fishes  when  the  sponge  is  torn  from  its  seat; 
and  even  the  broken  remains  of  the  sponge  are  consumed  by 
the  same  fishes.  But  he  mentions,  that  the  remains  of  a 
sponge  thus  torn  from  its  place  may  continue  to  grow  upon 
the  rock,  and  become  a  complete  sponge ;  that  sponees,  in 
deep  and  sheltered  situations,  have  a  softer  texture  than  in 
places  exposed  to  the  winds  and  tempests,  which  check  their 
growth  and  render  them  harder;  and  that  they  grow  best 
near  the  shore,  in  situations,  however,  where  they  may  be 
completely  covered  at  high-water,  because  they  are  thus 
washed  and  cooled  by  every  access  of  the  tide.  He  speaks 
strongly  of  the  injurious  effects  of  high  temperature  on 
these  animals ;  and  says,  that  it  causes  them  to  run  rapidly 
into  putrefaction.  This  remark  of  Aristotle  I  have  found  of 
service,  in  keeping  sponges  alive  for  ihe  following  expert 
ments*  The  species  found  on  the  coast  of  Lycia,  he  states, 
were  of  great  magnitude,'but  of  a  rare  and  loose  texture.  He 
gives  a  description  of  three  different  species  of  this  animal, 
which  he  characterizes  by  the  looseness  or  compactness  of 
their  texture.  Those  which  are  compact,  he  says,  are  gener* 
ally  softest ;  and  he  mentions,  that  the  helmets  and  sandals 
of  the  Grecian  warriors  were  lined  with  a  strong  compact 
kind  of  sponge.  From  an  expression  which  he  uses,  he  even 
insinuates,  that  the  helmet  of  Achilles,  the  hero  of  the  Iliad 
and  of  the  Trojan  war,  was  lined  with  the  same  substance: 
thus  giving  the  employment  of  this  extraordinary  animal,  in 
the  arts,  an  antiquity  of  3000  years.    ^ 

From  such  a  remote  origin  of  the  study  of  this  animal,  its 
natural  history  is  now  greatly  advanced ;  for  we  are  at  pre* 
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seot  acquainted  wkh  nearly  as  many  species  of  the  sponge  as 
4>f  any  other  animal  in  the  creation.  Independent  of  the 
subordinate  varieties  under  each  specieis,  which  amounts  often 
to  three,  sometimes  even  to  four,  as  in  the  Spongia  pcJa  of 
Lamouroux,  Linnsus  has  described  14  distinct  species ;  Pat 
Jas  27,  Gmelin  45,  Lamarck  138,  and  Lamouroux  163  species 
of  marine  sponge.  Guettard  even  divided  the  species  into 
seven  great  genera ;  Eponge,  Mane,  Trage,  Pmceau^  -^gace, 
TWue,  and  JAnzt;  he  ransacked  the  ancient  strata  of  the 
earth  in  search  of  antediluvian  species,  and  has  described 
many  fossil  sponges,  which  before  had  been  mistaken,  for 
fruits  or  accidental  mineral  formations.  But  the  philosophy 
of  the  sponge,  the  immutable  foundations  on  which  scientide 
discriminations  of  the  species  ought  to  rest,  the  minute  investi- 
gation of  the  mechanism,  the  composition,  and  the  uses  of  all 
ihe  parts  of  this  animal,  and  of  the  extraordinary  phenomena 
it  exhibits  in  the  living  state, — its  mode  of  ^H>wtb, — its  kind  of 
food,— its  habits  and  diseases, — the  means  of  cultivating  an 
animal,  which  has  so  long  rendered  important  services  to  man* 
kind, — its  mode  of  propagating  the  species,  and  extending  them 
over  the  globe,  and  the  great  purposes  which  it  is  destined  to 
fulfil  in  the  universe,  have  remained  where  Aristotle  left  them ; 
pr  rather,  in  this  branch  of  the  study,  mankind  have  gone 
backward  ever  since  his  time;  for  Pliny,  who  wrote  400 
years  after  him,  conceived,  that  male  ana  female  organs  of 
eeneration  were  placed  separately  on  difierent  sponges,  al* 
UM>ugh  it  had  been  known  to  the  earliest  naturalist,  that  -this 
animal  remains  immoveably  attached  to  one  spot  throifgh  life, 
without  locomotive  power  in  any  of  its  parts.  So  late  as  the 
year  1 752,  Peyssonell  communicated  to  the  Royal  Society  of 
London,  as  the  result  of  his  extensive  researches  on  the 
splendid  marine  qx>nges  of  the  coasts  of  America,  a  detailed 
account  of  the  formation  of  these  substances,  by  numerous 
small  worms  found  in  their  cavities*  He  says,  that  these 
worms  construct  the  sjsonge  like  a  bee-hive,  for  the  purpose 
of  protection  and  nourishment ;  and  even  that  the  same  kind 
of  worms  construct  different  species  of  sponge.  If  the  plates 
which  accompanied  the  writing  of  Aristotle,  and  to  which  he 
sometimes  refers  by  s}e;ns  in  his  description  of  parts,  should 
hereafter  be  discovered  among  tlie  ruins  of  antiquity,  we  will 
there  find  represented:  as  occasional  inhabitants  of  the  sponge, 
the  same  worais  whkh  Peyssonell,  9000  years  after  him,  mis- 
took for  the  fabricators  of  that  substance.  We  now  know, 
that  the  Nereis  alluded  to  by  Peyssonell,  infests  almost  every 
other  soft  zoophyte  as  well  as  the  sponge. 
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The  celebrated  Lamouroux,  the  latest,  the  most  useful,  and 
the  most  scientific  writer  on  these  animals,  considers  sponges 
as  living  masses,  without  organization,  or  apparent  motion, 
without  a  moqfh,  or  organs,  or  any  thing,  in  fact,  which  we 
observe  in  other  animals,  and  says  that  this  hypothesis  is  less 
problematical  than  any  other,  and  is  supported  by  observa- 
tions made  by  him  on  the  sponges  of  the  coast  of  Calvados 
in  Spain.  This  statement,  from  the  present  illustrious  Professor 
of  Natural  History  at  Caen,  and  author  of  the  most  complete 
and  valuable  work  on  zoophytes  that  has  yet  appeared,  and 
statements  as  erroneous  concerning  the  marine  sponge  from 
Lamarck,  Cuvier,  and  other  eminent  modern  naturalists,  have 
induced  me  to  push  the  inquiry  to  some  length,  with  regard 
to  a  very  few  species ;  and,  though  these  observations  have 
been  made  in  the  depth  of  winter,  and  only  on  the  small 
sponges  of  the  Frith  of  Forth,  they  have  enabled  me  to  cor- 
rect some  mistakes,  and  to  suggest  some  new  views  regarding 
these  animals,  which  may  be  useful  to  those  who  are  interest* 
ed  in  such  inquiries* 

Marsigli,  after  much  research  into  the  nature  of  marine 
plants  and  zoophytes,  was  convinced  that  the  sponge  is  a 
vegetable,  and  is  nourii^hed  like  Thalassiophytes,  by  absorb- 
ing water  through  the  holes  on  its  surface ;  and,  notwithstand- 
ing that  he  entertained  such  an  opinion  of  its  nature,  he  was 
the  first  who  declared,  in  1711,  that  he  saw  a  systole  and 
diastole  of  certain  round  holes  on  its  surface.  This  extraor- 
dinary and  inconsistent  statement^  made,  for  the  first  time, 
after  this  marine  production  had  been  studied  for  upwards  of 
two  thousand  years,  soon  spread  with  the  fame  and  writings 
of  its  author,  through  Europe,  and  was  well  known  to  our 
countryman  Ellis,  before  he  began  to  investigate  the  nature  of 
the  sponge.  The  statement  which  Ellis  communicated  to  the 
Royal  Society  of  London,  in  1765,  is  a  memorable  example 
of  the  influence  of  imagination  over  our  very  perceptions. 
This  great  zoophytist,  having  his  mind  already  prepossessed 
by  the  assertion  of  the  Italian  naturalist,  placed  living  por- 
tions of  the  Spongia  urens  and  Spongia  cristaia  in  glasses  of 
sea-water,  when  on  the  coast  of  Sussex,  and  declare»  that  he 
not  only  saw  the  contractions  and  dilatations  of  the  apertures 
mentioned  by  Marsigli,  but  likewise  saw  the  water  pass  to 
and  fro  through'the  same  apertures  on  the  surface.  Pallas 
immediately  copied  this  hasty  assertion  fi'om  the  Transac- 
tions of  the  Royal  Society,  into  his  Elenchus  Zoophytorum, 
which  he  published  the  following  year.    *Other  naturalists 
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foHowed  so  great  an  example,  and  thus  was  established  and 
propagated  an  important  error,  which  has  pervaded  the  works 
of  zoologists  for  half  a  century,  and  greatly  retarded  the 
progress  of  this  interesting  branch  of  comparative  anatomy* 

Before  examining  the  structure  of  the  sponge,  I  ha'd  fre- 
quently seen,  with  the  assistance  of  a  microscope,  the  currents 
established  in  sea-water,  by  the  rapid  vibration  of  the  ciliated 
tentacula  of  many  Polypi,  particularly  of  the  Sertularia  and 
Alcyonia^  and  likewise  by  the  ciliated  circular  margins  of  such 
as  possessed  no  tentacula.  And,  as  every  writer  since  the 
time  of  Marsigli  agreed  in  considering  the  round  apertures  on 
the  surface  of  the  sponge  as  the  passages  through  which 
nourishment  is  conveyed  to  the  animal,  I  naturally  began  by 
a  careful  examination  of  these  canals,  in  a  variety  of  sponges. 
But,  instead  of  finding  any  ciliated  margins,  or  distinct  polypi, 
withm  these  large  tubes,  or  any  apparatus  sufficient  to  create 
a  current  into  them,  I  found  them,  particularly  in  the'^^jpoTigta 
jDonicea,  where  they  are  wide  and  distinct,  lined  throughout 
their  whole  winding  and  anastomosing  course,  with  a  smooth, 
soft,  glistening  membrane.  This  transparent  colourless  mem- 
brane was  very  evident  at  the  angles  of  separation  between 
the  branches  of  the  internal  canals ;  for  at  these  places  few 
ef  the  horny  fibres  shot  into  it,  and  it  could  there  be  raised 
by  the  point  of  a  needle ;  but,  throughout  the  rest  of  the 
tube,  it  appeared  stretched  from  fibre  to  fibre,  and  so  firmly 
connected  with  the  axis  or  skeleton  of  the  animal,  that  it 
could  not  possibly  contract  so  as  to  empty  the  whole  of  the 
internal  canals,  without  a  general  contraction  of  the  entire 
sponge.  But  as  I  knew  already  that  the  animal'  never  contract* 
ed  its  body,  nor  could  be  forced  to  do  so  by  the  strongest  irri- 
tants, I  found  it  impossible  to  explain  the  power  of  suction 
ascribed  to  these  canals  by  any  theory ;  and,  in  this  dilem- 
ma,  I  had  recourse  to  the  microscope,  well  assured,  that  if 
currents  really  passed  to  and  fro  through  the  round  apertures, 
tliey  mi^ht  be  seen  by  the  same  mi^ans  which  had  so  often 
detected  the  currents  of  much  smaller  zoophytes. 

In  the  month  of  November  last,  I  therefore  put  a  small 
branch  of  the  Spongia  coalita^  with  some  sea-water,  into  a 
watch-glass,  under  the  microscope,  and,  on  reflecting  the  light 
of  a  candle  up  through  the  fluid,!  soon  perceived  that  there 
was  some  intestine  motion  in  the  opaque  particles  floating 
through  the  water.  On  moving  the  watch-glass,  so  as  to  bririg 
one  of  the  apertures  on  the  side  of  the  sponge  fully  into  view, 
I  beheld,  for  the  first  time,  the  splendid  spectacle  of  this  liv- 
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ing  fountain  vomiting  forth,  from  a  circular  cavitj,  an  impe^ 
tuous  torrent  of  liquid  matter,  and  hurling  along,  in  rapid 
succeBsion,  opaque  masses,  which  it  strewed  every  where 
around.  The  beauty  and  novelty  of  such  a  scene  in  the  ani- 
mal kingdom,  long  arrested  my  attention,  but,  after  twenty- 
five  minutes  of  constant  observation,  I  was  obliged  to  withr 
draw  mj  eye  from  fat^e,  without  having  seen  the  torrent 
for  one  instant  change  its  direction,  or  diminish,  in  the  slight* 
est  degree,  the  rapidity  of  its  course.  I  continued  to  watch 
the  same  orifice,  at  short  intervals,  for  five  hours,  sometimes 
observing  it  for  a  (quarter  of  an  hour  at  a  time,  but  still  the 
stream  rolled  on  with  a  constant  and  equal  velocity.  About 
the  end  of  this  time,  however,  I  observed  the  current  become 
perceptibly  languid,  the  <^aque  flocculi  <tf  feculent  matter, 
which  were  thrown  out  with  so  much  impetuosity  at  the  be- 
ginning, were  now  propelled  to  a  shorter  distance  from  the 
orifice,'^nd  fell  to  tne  bottom  of  the  fluid  within  the  sphere  of 
vision  ;  and  in  one  hour  more  the  current  had  entirely  ceased. 
The  following  morning,  I  separated,  with  great  caution, 
from  the  rocks,  a  variety  of  flat  and  branched  sponges,  and 
examined  their  currents  through  the  microscope,'  with  a  can- 
dle, in  a  darkened  apartment,  which  is  certainly  the  mode  of 
seeing  these  currents  best  through  the  double  reflecting  mi- 
croscope. The  currents  of  water  were  distinctly  visible  in 
every  species  of  sponge  which  I  examined ;  and,  even  where 
the  apertures  were  scarcely  seen  by  the  naked  eye,  the  mi- 
croscope shewed  a  powerful  current  issuing  from  them*  ki 
all  the  specimens,  the  currents  were  seen  to  flow  oontioually 
from  the  apertures,  however  long  they  were  observed ;  and 
the  discharge  of  excrement  which  always  accompanies  the 
stream  never  fails  to  make  its  appearance,  even  though  the 
purest  water  is  employed.  The  velocity  of  the  stream,  in 
the  same  species,  corresponds  very  much  with  the  eniireness 
of  the  branch  employed,  its  reoentness  from  the  sea,  and  the 
fewness  or  smallness  of  the  apertures  in  a  given  space*  The 
branched  species  shew  the  currents  best  by  this  mode  of  ex- 
amination, because  they  can  be  adjusted  to  the  microscope 
with  least  mutilation  of  their  bodies,  and  are  most  convenient- 
ly managed  from  their  smallness  and  lengthened  form.  The 
Spongia  coaliia,  which  has  a  glistening  or  membranous  sur- 
face, with  very  few  apertures,  exhibits  a  powerful  stream ; 
while  the  Spongia  oculatci^  Spongia  xtra/mpdina^  and  SspongM 
palmata^  which  nave  a  more  open  woolly  surface,  propel  their 
discharge  to  a  shorter  distance  from  their  numerous  circular 
apertures. 
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On  attempting  to  examine  some  of  the  larger  flat  species, 
as  tlie  l^jHmgia  panieea  and  Spongia  cmtofn,  in  the  same  man- 
ner  with  the  microscope^  I  found  it  not  so  practicable.  The 
dissection  necessary  to  reduce  them  to  a  smallness  fit  for  ex- 
amination under  that  instrument,  and  in  a  watch-glass,  threw 
open  the  canals  so  much  as  to  destroy  their  means  of  mani- 
festing a  concentrated  current.  But  a  single  papilla  torn  from 
a  Sp(mgia  )Mtpi/&tm^  or  other  spreading  sponge,  which  has  the 
papilla  much  elevated,  shows  distinctly  the  current  flowing 
constantly  from  it,  when  placed  in  a  watch-glass  with  sea- 
water  under  the  microscope. 

Prom  the  distinctness  of  the  currents  seen  by  this  means,  I 
was  induced  to  try  whether  they  might  not  be  perceived  by 
the  naked  eye,  although  they  had  escaped  the  observation  of 
80  many  naturalists,  and  particularly  <A  Montagu,  who  states, 
in  the  Memoirs  of  the  Wemerian  Society,  that  he  could  not 
perceive  these  currents,  even  with  the  assistance  of  a  glass. 
On  placing  a  fresh  placentiform  mass  of  the  Spongia  panieea 
in  a  glass  of  clear  sea-water,  I  could  distinctly  perceive,  with 
the  naked  eye,  particles  propelled  to  the  surface  of  the  water 
from  a  large  circular  orince  in  the  centre  of  the  mass.  I  af- 
t^i^ards  placed  a  portion  of  the  fijpongia  critiata  in  a  shallow 
vessel,  and  coverea  it  to  the  depth  of  half  an  inch  with  water. 
The  orifice  along  the  ridges  at  that  distance  from  the  sur^ 
fiice,  created  a  current  tnere  visible  to  the  naked  eye,  and 
particles  of  dust  floating  on  the  surface  of  the  water  were 
drawn  into  the  stream,  and  carried  to  the  distance  of  two  or 
three  inches  fram  the  apertures.  I  suspended  a  i^pongia  com- 
yrtssa  by  its  pedicle,  in  its  natm^l  position,  with  its  aperture 
downwards ;  and  even  in  this  small  animal  I  could  perceive  a 
a  languid  cm*rent  issuing,  and  opaque  particles  occasionally 
propelled.  The  currents  from  this  species  are  best  examined 
by  the  microscope,  but  still  are  comparatively  languid :  this 
sponge  has  a  villous  surface,  and  very  large  apertures,  which 
are  circumstances  generally  accompanying  a  weak  current. 

The  Spongia  pamcea  presents  the  strongest  current  which  I 
have  yet  seen,  and  has  the  greatest  thickness  of  body  of-  any 
spreading  sponge  which  I  have  met  with  on  the  rocks  of  this 
part  of  the  Frith  of  Forth.  Two  entire  round  portions  of 
this  spon^  were  placed  together  in  a  glass  of  sea-water,  with 
their  orifices  opposite  to  each  other,  at  the  distance  of  two 
inches;  they  appeared  to  the  naked  eye  like  two  living  bat- 
teries, and  soon  covered  each  other  with  feculent  matter. .  I 
placed  one  of  them  in  a  shallow  vessel,  and  just  covered  its 
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surface  and  highest  orifice  with  water.  On  strewing  some 
powdered  chalk  on  the  surface  of  the  water  the  currents  were 
visible  at  a  great  distance,  and  on  placing  some  small  pieces 
of  cork  or  of  dry  paper  over  the  apertures,  I  could  perceive 
them  moving,  by  the  force  of  the  currents,  at  the  distance  of 
ten  feet  from  the  table  on  which  the  specimen  rested.  A 
portion  of  soft  bread,  pressed  between  the  finders  into  a  globu- 
lar form,  with  a  diameter  larger  than  that  of  the  orifice,  and 
placed  over  it,  was  not  moved  away  in  a  mass  by  the  stream, 
out  was  gradually  worn  down  by  the  current  beating  on  its 
sides,  and  thus  propelled  to  a  distance  in  small  flakes.  A 
portion  of  unburnt  black-coal,  with  twice  the  diameter  of  the 
orifice,  was  instantly  rolled  off  the  mouth  of  this  living  foun- 
tain, in  whatever  position  I  attempted  to  make  it  rest  upon  it. 
A  elobule  of  mercury,  of  equal  aiameter  with  the  orifice,  let 
fall  upon  it  through  a  glass  tube  was  not  removed  or  shaken, 
and  completely  stopped  the  current.  I  now  pierced,  with  a 
needle,  a  thin  superficial  canal,  in  the  vicinity  of  the  closed 
orifice,  and  established  a  new  current,  which  continued,  even 
after  removing  the  obstruction  from  the  original  orifice. 

A  globule  of  mercury,  of  any  smallness,  placed  over  the 
orifice  of  a  living  sponge,  is  too  heavy  to  be  affected  by  the 
small  column  of  water  which  impels  against  its  smooth  round 
surface,  flowing  at  the  rate  with  which  it  issues  frqm  that  ori- 
fice, and  is  useful  in  enabling  us  to  stop  up  the  currents  of 
certain  orifices,  in  order  to  direct  the  stream  with  greater 
force  through  a  particular  aperture,  which  we  wish  to  exam- 
ine through  the  microscope.  By  adopting  this  plan  with  a 
healthy  ^piangia  paniceoy  which  has  generally  very  few  and 
large  orifices  on  the  surface,  we  can  distinctly  perceive,  with 
the  naked  eye,  that  the  current  never  enters  by  the  same 
apertures  through  which  it  issues,  and  we  might  thus  measure 
the  whole  strength  of  the  forces  employed  to  produce  the 
currents  in  any  particular  specimen. 

But  as  the  Spor^ia  cristata  was  the  kind  in  which  Mr  Ellis 
imagined  he  saw  the  water  pass  to  and  fro  through  the  same 
ape]:tures,  I  placed,  in  a  glass  of  clear  water,  a  portion  of  this 
sponge,  which  consisted  of  a  single  ridge,  with  a  rai^e  of  pro- 
jecting apertures  along  its  vortex,  and  on  examining,  for  some 
time,  with  a  pocket  lens,  each  of  the  apertures  in  succession, 
through  the  transparent  sides  of  the  vessel,  I  found  that  they 
all  sent  forth  a  constant  and  uninterrupted  stream  of  water 
from  the  interior  of  the  animal,  with  occasional  discharges  of 
opaque  feculent  matter.    In  order  to  be  still  more  satisfied 
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that  none  of  the  apertures  were  destined  to  receive  or  inhale 
water,  while  others  propelled  it  from  the  animal,  I  placed 
under  the  microscope  a  small  branch  of  the  Spongia  cotUita^ 
on  which  there  were  only  three  apertures,  and  I  found  that, 
however  long  I  watched  them,  they  were  always  employed 
in  conveying  water  from  the  interior.  But  as  it  was  still  by 
no  means  impossible  that,  while  my  attention  was  fixed  on 
one  aperture  which  discharged  water,  another,  which  I  had 
just  quitted,  might  now  be  inhaling  that  duid,  I  took  from  the 
rocks  some  specimens  of  the  Spon^  compressa^  constructed 
like  a  small  white  paper  bag,  with  only  one  round  aperture 
at  the  extremity  of  the  body ;  and  on  placing  each  in  succes- 
sion under  the  microscope  with  sea-water,  1  found  that  these 
animals  sent  forth  from  the  only  aperture  of  their  bodies  a 
slow  but  constant  stream. 

It  thus  apf)ears,  that  the  round  apertures  on  the  surface  of 
a  living  sponge,  are  destined  for  the  conveyance  of  a  constant 
stream  or  water  from  the  interior  of  the  body.  This  stream 
conveys  away  the  particles  of  excrementitious  matter  con- 
stantly separating  from  the  interior  of  the  canals,  and  which 
are  not  only  seen,  by  the  assistance  of  the  microscope  con- 
stantly issuing  from  the  apertures,  but  are  even  perceived  by 
the  naked  eye  propelled  occasionally  in  flakes ;  and  when  a 
portion  of  any  Kind  of  living  sponge  is  allowed  to  remain  for 
a  day  at  rest,  in  a  white  vessel  filled  with  the  purest  sea-water, 
accumulations  of  feculent  matter  are  always  seen  immediately 
under  each  orifice.  The  feculent  matter  of  the  Spongtapal- 
mata,  Spongia  oculaU^  and  Spongia  xttamptlma^  consists  of  a 
very  fine  dark-brown  dust :  while  in  the  Spongia  panuea  and 
Spoima  cristate^  it  consists  of  larger  flocculi  of  a  dark-grey 
membranaceous  substance.  The  streams  likewise  convey 
from  the  interior  of  the  animal,  along  with  the  excrements, 
certain  soft,  round,  small  bodies,  generally  of  an  opaque  yel- 
low colour,  which  are  distinctly  seen  disseminated  through 
the  whole  texture  of  most  marine  sponges,  and  which,  for  the 
present,  we  shall  consider  as  the  ova.  The  round  apertures 
may,  therefore,  without  impropriety,  be  termed /eca/  orifices^ 
in  order  to'distinguish  them  from  the  pores  of  a  very  difierent 
nature^  which  are  destined  to  transmit  water  into  the  interior 
of  the  body. 

The  fecal  apertures  are  raised  to  the  extremities  of  pro- 
jecting papillae,  in  such  sponges  as  cover  the  sides  of  rocks, 
in  order  to  convey  the  excrements  beyond  the  pores  and  gen- 
eral surface  of  the  animal.    In  the  ^[Hmgia  oculatUy  J^^igiu 
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pnhhata^  Sjpongia  opertfrnpeltnls  and  such  branched  species  as 
Dave  a  soft  downy  surface^  the  fecal  orifices  are  ranged  in 
close  order  along  the  outer  margins  of  the  branches,  ana  very 
few  are  observed  on  the  flat  surface^  in  order  to  prevent  the 
excrement  from  falling  in  the  direction  of  the  flat  WooUy  suiv 
faces,  which  would  be  very  apt  to  retain  it,  and  thus  choke 
up  the  groups  of  pores  which  are  seen  every  where  over  their 
surface.  Such  branched  sponges  have  not,  and  do  not  re- 
quire projecting  paf)illee,  because  they  han^  suspended  by  i 
narrow  stem,  and  are  kept  sufliciently  cfean  by  receiving 
gentle  undulations  from  the  constant  motions  of  the  aea«  The 
same  applies  to  the  soft  downy  white  Spwigia  ooimprtti^  which 
always  hangs  down,  and  whose  orifices  are  always  otiarginal. 
The  bright  yellow  porous  placentiform  mass  of  the  Sfongia 
panicea  has  no  papillae ;  indeed  the  fecal  orifices  are  some- 
times even  lower  than  the  general  surface  of  the  anioiSti,  and 
I  have  n^ver  seen  this  sponge,  excepting  on  the  under  sui^ 
face  of  rocks,  with  its  orifices  perpencScularly  downwwrds ; 
so  that  the  excrements  fall  clear  of  its  surface  by  their  own 
gravity,  without  the  assistance  of  papill»»  The  flat  species 
which  are  found  encrusting  Fuci,  ^Sertulariaa,  Corallines,  or 
ot|ter  moveable  bodies,  have  very  seldom  prominent  pepilln, 
becatise  they  are  cleansed  by  the  agitations  of  the  sea 
like  the  branched  sponges. 

What  relates  to  the  cleanliness  of  their  surface  applies 
equally  to  their  mesns  of  receiving  food  $  for  it  is  tmy  in 
proportion  to  the  free  entrance  of  water,  through  the  minute 
pores  on  its  surface,  that  these  animals  enjoy  health  or  exisir 
ence;  and  we  shall  find  the  atrangement,  fortfn,  and  structure 
of  these  pores,  beautifully  calculated  to  prevent  the  entrance 
of  all  grosser  particles  into  the  interior  of  the  canak* 

Mr  Ellis  was  probably  led  to  imagine  that  the  currents 
passed  to  and  fro  through  the  safne  apei^tures^  and  thus  to 
compare  these  openings  to  Polypi,  by  observing  the  irregu- 
larity of  the  feculent  discharges,  which  do  not  come  out  in 
particles,  and  in  a  constant  stk^eam,  but  generallv  in  flakes  at 
intervals,  in  the  species  which  he  examined ;  or  he  may  have 
been  deceived  by  the  appearance  of  the  whirlpools  that  are 
generally  seen  at  the  sides  of  the  apertures  when  they  are 
near  the  surface  of  the  water.  But  it  was  of  much  inportr 
ance  in  the  physiology  of  the  sponge,  to  determine  precisely 
the  nature  and  direction  of  these  currents,  because  the  power 
of  sucking  in  and  throwing  out  water  by  the  same  orifices, 
like  Polypi,  hitherto  ascribed  to  this  ammal,  necessarily  im- 
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plied  the  exiatence  of  two  other  properties  which  it  has  long 
Deen  supposed  to  possess,  the  power  of  contracting  and  dilat- 
ing its  apertures,  and  that  o£  contracting  or  shaking  its  whole 
body  when  touched. 

{To  he  amiinued*) 


Art.  XLIII. — Ebbw  on  Eariheiivxire  and  Porcelain. — [Parity* 
Chemical  Essays,} 

In  attempting  the  history  of  the  manufacture  of  Europeau 

Crcelain,  it  may  be  remarked,  that  although  porcelain  had 
en  brought  into  this  quarter  of  the  world  before  Christ,  as 
has  been  mentioned  above,  there  is  reason  to  believe  that  the 
introduction  of  the  knowledge  of  making  porcelain  in  Europe 
was  but  of  late  years,  as  will  be  seen  in  tne  sequel.*  Porce- 
lain is  not  made  even  now  in  the  Indies ;  what  is  consumed 
there  is  all  imported  either  from  Persia,  Japan,  or  China,  and 
the  other  kingdoms  between  China  and  Pe^. 

The  English  cannot,  I  presume,  lay  claim  to  much  excel- 
lence in  their  manufacture  of  earthenware  before  the  time  of 
the  late  Mr  Wedgwood,  who  began  his  indefatigable  research- 
es about  the  year  17J0:  for,*  in  the  beginnmg  of  the  last 
century,  all  the  best  tiles  and  even  the  finer  sort  of  bricks 
were  imported  from  Denmark,  Germany,  and  Holland*!  Not 
but  that  bricks  and  tiles  of  clay  had  long  been  made  amongst 
us;  for  there  is  an  act  of  parliament  now  on  the  statute 
books,  that  was  passed  in  the  reign  of  Edward  IV^  which 
directs  the  time  tor  digging  the  earth,  the  manner  of  making 
tbe  bricks,  &c. ;  and  it  is  so  expressed,  that  we  have  reasoo 
to  conclude  that  bricks  had  been  made  in  England  from  time 
immemorial.  While  on  this  article,  I  am  desirous  of  men- 
tioning that  there  is  a  paper  on  the  process  of  burning  brickS| 
in  the  third  volume  of  Bergman's  Chemical  Essays,  and  that 
it  contains  many  hints  which  may  be  useful  to  those  who  are 
engaged  in  that  occupation. 

ft  seems  strange  that  our  remote  ancestors  did  not  arrive 


*  Hamier's  ObHrvatiant,  toI.  i.  p.  75. 

t  HoBghton't  ColUctiomfor  the  mprovement  of  Ihubandrv  and  TVade*  vol. 
ii.  p.  26. 

t  See  17t1i  Edward  IV.  cap.  4. 
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at  greater  perfection  in  the  manufacture  of  all  these  articles^ 
when  it  is  considered  that  the  island  produces  not  only  a 
great  variety  of  clays,  but  also  all  the  other  materials  neces- 
sary for  the  production  of  the  best  earthenware  and  porce* 
Iain :  Dr  Martin  Lister,  who  wrote  in  the  latter  part  of  the 
seventeenth  century,  distinguishes  no  less  than  two-and-twenty 
different  sorts  of  clay  in  Britain,  which  fell  under  his  own 
observation.*  Moreover,  the  exquisite  pieces  of  workman- 
ship which  were  produced  at  different  periods  by  the  English 
sculptors,  show  that  there  was  no  deficiency  of  eenius  and 
skill  among  our  artists,  who  probably  conceived  that  the 
working  in  clay  was  beneath  their  attention* 

The  common  stoneware,  and  that  called  white  enamel,  have 
been  made  in  various  countries  of  Europe  ever  since  the  fif- 
teenth century.  The  former  of  these  is  distinguished  by  a 
glazjs  made  by  means  of  muriate  of  soda ;  the  latter  is  cov- 
ered, with  a  real  glass,  rendered  opaque  by  the  white  oxide 
of  tin.t  Stoneware  is  the  only  artigle  of  pottery  that  can  be 
employed  for  chemical  purposes,  where  a  great  heat  is  re- 
quired. Macquer  says  that  our  best  common  stoneware  is 
the  most  perfect  pottery  that  can  be,  and  that  it  has  all  the 
essential  qualities  of  the  finest  old  Japanese  porcelain.  Mr 
Pott,  the  author  of  lAthogtogiiosia^  has  written  a  treatise  ex- 
pressly to  explain  the  requisite  perfections  of  stoneware  for 
the  purpose  of  chemical  vessels;  but  I  conceive  that  what  is 
made  at  Lambeth  near  London  by  the  best  of  those  manu- 
facturers, is  susceptible  of  but  little  improvement.  For  boil- 
ing syrups,  and  for  many  other  culinary  purposes,  the  Lam- 
beth stoneware  is  the  best  article  that  can  possibly  be  em- 
ployed ;  as  it  is  cheap,  will  stand  a  great  heat,  and  is  perfect- 
ly wholesome ;  whereas  many  of  the  earthern  utensils  used 
in  our  kitchens  are  glazed  with  lead,  and  consequently  are 
extremely  dangerous.  Several  years  ago,  I  adverted  to  this 
subject  in  another  work ;  but  I  was  desirous  of  repeating  the 
admonition  now,  because  I  consider  the  health  of  the  commu- 
nity must  be  impaired  by  the  frequent  use  of  earthen  vessels 
which  are  covered  with  the  common  Staffordshire  glaze«  The 
acetic  acid  will  readily  dissolve  the  oxide  of  lead ;  hence  the 
boiling  of  pickles,  and  the  making  of  pther  culinary  prepara- 
tions in  such  vessels,  must  be  highly  improper. 

'■■'■■■        '  '  ■-" I ■  ■  I  .1  I »  ■ 

*  Pm,  Trans.  No.  164,  p.  256.  Campbell's  PoliUeal  Survey  of  Greai  Art- 
fam,  4to.  1774,  vol.  ii.  page  16. 

t  The  oxides  of  many  other  metals  are  used  io  different  branches  of  pot- 
tery«  as  will  be  shown  in  connexion  with  the  latter  part  of  this  sabject. 
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The  white  enamel  ware  was  brought  to  its  present  istate  ojf 
perfection  by  Bernard  de  Palissy,  a  native  oi  the  diocese  of 
Agen,  in  the  province  of  Guienne  in  France  i  a  spot  cele*' 
brated  for  being  the  birthplace  of  the  memorable  Joseph 
Scalieer.* 

Palissy  was  in  a  low  station  of  life ;  but  he  was  eminent 
for  his  knowledge,  industry,  and  talents*  There  were  indeed 
so  many  interesting  traits  in  his  character,  that  I  trust  I  shall 
be  excused  if  I  recite  a  few  of  the  chief  circumstances  of  his 
history. 

He  is  said  to  have  been  a  .skilful  painter  upon  glass,!  but 
he  was  more  generally  known  as  a  chemist*  Originally  he 
was  a  land««urveyor  and  draughtsman ;  but  his  taste  for  natu^* 
ral  history  led  him  to  abandon  this  employment,  and  induced 
him  to  travel  for  instruction  over  the  whole  of  France  and 
Lower  Germany.  An  accidental  circumstance  threw  into  his 
hands  a  cup  of  enamelled  pottery ;  and,  from  that  time,  his 
whole  attention  and  fortune  were  taken  up  in  experiments  on 
enamels.}  Nothing  can  be  more  interesting  than  the  narra- 
tive which  he  himself  has  given  of  his  labours. 

He  exhibits  himself  as  building  and  rebuilding  his  furnaces, 
always  on  the  eve  of  success ;  worn  out  by  labour  and  mis" 
fortune  $  the  derision  of  the  public  ;  the  object  of  the  angry 
remonstrances  of  his  wife ;  and  then  as  being  reduced  to  sucn 
an  extremity  as  to  burn  his  furniture,  and  even  some  of  the 
wood-work  of  his  house,  to  keep  his  furnaces  going.  His 
workman  presses  him  for  money,  he  strips  himself,  and  gives 
him  part  of  his  clothes.  But  at  length,  by  dint  of  indefatig- 
able labour,  constancy,  and  genius,  he  arrived  at  the  desired 
degree  of  perfection,  which  gained  him  the  esteem  and  con** 
sideration  of  the  greatest  men  of  his  age. 

He  was  the  first  who  formed  a  collection  of  natural  history 


*  Scalliger  is  called  mtmorabUt  because  h^  was  not  only  well  Yeraed  In  all 
the  scicfoces,  but  understood  thirteen  different  languages.  It  has  been  said 
that  he  was  the  most  learned  man  that  an^  age  ever  produced.  The  variety 
of  subjects  on  which  he  wrote  with  applause  is  truly  astonishing. 

t  In  the  time  of  Palissy  the  art  of  painting  upon  glass  was  nearly  lost.  In 
this  country  it  was  classed  with  the  artks  rmnDvfM ;  bul  Mr  Walpole  has 
shown,  by  a  regular  series  of  artista  and  their  performances,  that  this  secret 
was  never  entirely  lost.    \Valpo1e*s  Jhuedotetjf  PaitUing. 

X  The  modern  enamel  painting  is  quite  a  different  art.  This  Was  invented 
by  John  Petltot  of  Geneva.  An  account  of  his  experiments  and  discoveries 
maybe  seen  in  the  Biographical  Dictionary,  article  PelUotf nnd  also  In 
(>rainger*s  Biographical  History,  vol.  ii.  p.  2S8. 

Sosi.  Joar.  June  i^  July^l8264  56 
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at  Paris.  He  even  gave  lectures  on  that  science,  and  receiv- 
ed a  moderate  subscription  from  each  of  his  auditors,  under 
the  obligation  of  returning  it  four-fold  if  any  thing  he  taaght 
should  prove  false.  He  was  the  author  of  many  singular 
books  on  subjects  of  agriculture,  fire,  earth,  salts,  &c.  that 
are  now  very  difficult  to  be  founds  and  it  is  to  htm  especially 
that  Buffon  is  indebted  for  many  useful  hints. 

Palissy  was  the  first  who  ventured,  in  the  face  of  the 
priests,  to  affirm  that  fossil  shells  and  calcareous  mountains 
are  the  remains  of  real  shells;  he  was  also  the  first  who 
taught  the  true  theory  of  springs,  and  was  in  all  respects  an 
eminent  and  accomplished  man.  The  very  form  of  his  works 
exhibits  a  proof  of  original  genius ;  they  consist  of  dialogues 
between  Iheoryand  Practice,  in  which  Practice  is  always 
the  instructor^  while  Theory  is  represented  as  a  scholar 
proud  of  his  own  understanding,  but  indocile  and  ignorant. 

The  high  reputation  he  acquired,  and  the  obligations  under 
which  his  countrymen  stood  indebted  to  him,  were  however 
not  sufficient  to  defend  him  from  the  persecution  of  the 
League  5  for,  being  a  protestant,  Matthew  de  Lawnay,*  one 
of  the  greatest  fanatics  of  his  day,  caused  him  to  be  dragged 
to  the  Bastile  at  the  age  of  ninety  years,  where  he  signalized 
himself  by  acts  of  firmness  and  heroism. 

His  reply  to  Henry  IIL  deserves  to  be  commemorated. 
^  My  good  roan,"  says  the  King,  '^  if  you  cannot  reconcile 
yourself  to  the  matter  of  religion,  I  shall  be  compelled  to 
leave  you  in  the  hands  of  my  enemies."  **  Sire,"  said  Palis- 
sy, "  I  was  perfectly  ready  to  surrender  my  life ;  and  if  the 
action  could  have  been  accompanied  with  any  regret,  certain- 
ly it  must  have  vanished,  after  hearing  the  great  King  of 
France  say, '  I  am  compelled.'  This,  Sire,  is  a  situation  to 
wv.ich  neither  yourself,  nor  those  who  force  you  to  act  con- 
trary to  your  own  disposition  can  ever  reduce  me,  because  I 
am  prepared  for  death  ;  and  because  neither  your  Majesty  nor 
your  whole  people  have  the  power  to  compel  a  simple  potter 
to  bend  his  knee  before  the  images  which  he  fabricates."! 
This  venerable  man  died  about  the  year  1590. 

Several  of  the  nations  of  Europe  at  the  dawn  of  the  eiehr 
teenth  century,  could  not  but  regret  that  the  knowledge  of  the 

^^^^^^"^''^^^^^^^■^^^— ^™^^^^^^*^»^^»^*^— —^■^^^^^W^'^"^™^^^^-^^^— ^i»^^— ^W^^l-  W^.^*— I^^M^i^— M^— ^H^B^M^^^^^^^^^^ 

*  This  man  mast  not  be  confoanded  with  the  celebrated  De  Lannay  who 
wrote  '*  Remarks  on  the  Roman  Jurispradence/'  and  died  in  IdOB. 

t  ChaptaPs  Elemenit  of  Ckemutry^  vol.  it.  p.  90 ;  and  the  JSiogr«pAteal 
i)ic/ioiiary,  article  Palissy. 
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tnantrfacture  of  porcelain  had  not  been  introduced  ain<mg 
them.  At  this  time,  however,  a  fortunate  circumstance  arous* 
ed  the  attention  of  the  French  people,  and  directed  it  to  this 
important  subject. 

Francis  D'  Eirtrecolles,  who  had  resided  many  years  in 
China  as  a  Christian  missionary,  a  man  of  insinuating  man- 
ners, and  of  a  mild  and  affable  deportment,  had  the  address 
Co  procure  specimens  of  the  materials  used  by  the  natives  in 
their  porcelain,  and  these  he  sent  to  France  with  a  summary 
description  of  the  Chinese  processes. 

It  may  appear  strange  that  so  jealous  a  people  as  the  Chi- 
nese are  known  to  be,  should  have  allowed  of  European  mis- 
sionaries being  settled  among  them.  The  ecclesiastical  his- 
torian. Mosheim  has,  however,  investigated  this  subject,  and 
it  is  liigkly  amusing  to  read  his  account  of  the  art«  which  the 
Jesuits  practised  to  interweave  the  doctrines  of  Jesus  with 
-those  of  Confucius,  and  to  learn  how  they  ingratiated  them- 
selves with  the  inhabitants  of  that  country.''^ 

When  the  specimens  arrived  in  France,  the  celebrated 
Reaumur  undertook  a  series  of  experiments  to  discover  the 
(method  of  imitating  the  Chinese  productions ;  and  he  per- 
severed with  amazing  industry  until  he  had  obtained  the  main 
-object  he  had  in  view* 

The  difficulties  which  he  had  to  encounter ;  the  mistakes 
lie  made  during  the  investigation ;  the  cause  of  those  mis- 
takes, and  the  extent  of  his  success,  are  all  well  detailed  in 
4he  French  Dictionary  of  Chemistry,  translated  by  Mr  Keir, 
and  will  be  found  unaer  the  article  Porcelain.  Mr  Reaumur 
jiimself  in  the  years  1727  and  1729  also  published  a  full  ac- 
count of  his  progress  in  this  inquiry,  in  two  memoirs  address- 
ed to  the  Academy  of  Sciences,  and  which  were  printed  in 
their  Transactions* 

While  Reaumur  was  engaged  in  these  experiments,  porce- 
lain was  begun  to  be  manufactured  in  Saxony,  and  soon  after- 
wards other  manufactories  of  it  started  up  in  different  parts 
of  Germany.  We  had  also  an  establishment  for  making  it 
at  Chelsea ;  and  since  that  period  various  companies  in  dif- 
ferent parts  of  England,  France,  and  Italy,  have  been  found- 
ed for  the  same  purpose. 

The  first  person  who  made  porcelain  for  sale  in  Saxony 
49vas  the  Baron  Botgar,  and  it  is  probable  that  his  was  the 


'*3m  an  octavo  pamphlet  printed  by  Tonsoa  in  1760,  entitled  "  Authentic 
JHemoin  of  the  Christian  Charch  in  China." 
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first. manufactory  of  real  porcelain  in  Europe*  In  order  as 
much  as  possible  to  preserve  this  art  as  a  secret,  the  works 
were  rendered  impenetrable  to  any  but  those  who  were  im* 
mediately  employed  in  them.* 

M*  De  la  Condamine,  in  his  journey  into  Italy,  visited  a 
manufactory  of  porcelain  established  at  Florence  by  the 
Marquis  de  Ginori,  governor  of  Leghorn,  where  he  saw  sta« 
tues  and  groups  half  as  large  as  nature,  and  modelled  from 
some  of  the  finest  antiques.  He  describes  the  body  of  the 
ware  as  being  equal  to  the  best  Chinese  manufacture,  and 
that  it  would  be  extremely  beautiful  if  it  had  a  whiter  glaz- 
ing ;  but  that  the  Marquis  was  determined  to  use  only  such 
materials  as  were  found  in  his  own  country*  How  superior 
ore  the  advantages  which  the  English  nobility  possess  for  im« 
proving  the  manufactures  of  these  kingdoms,  if  it  were  thought 
Dccoming  in  them  to  attend  to  such  objects !  In  France,  the 
Count  de  Lauraguais  engaged  in  the  pursuit  of  improvements 
in  porcelain  for  several  years  with  uncommon  ardour  and 
success.     French  Chemical  Dictionary* 

The  establishments  of  the  most  consequence  among  the 
moderns  are,  one  nt  Dresden ;  the  King  of  Prussia's  own 
/nanufactory  at  Berlin ;  and  the  extensive  works  which  be- 
longed to  the  late  King  of  France  at  Sevrcs,t  near  Paris. 
There  is  also  a  considerable  establishment  for  the  manufac- 
ture of  porcelain  at  Montpclicr;  a  descriptive  account  of 
which,  together  with  the  process  for  making  the  peculiar 
glaze  which  is  employed  there,  was  published  some  years 
ago  in  the  Annales  de  Chemie.X 

Frederick  the  Second,  King  of  Prussia,  had  conceived  so 
high  an  opinion  of  the  importance  of  the  manufactory  at 
Dresden,  that  when  he  conquered  Saxony  be  took  many  of 
the  best  workmen  away  by  force,  and  transported  them  to 
his  own  pottery  at  Berlin.^  This  manufactory  at  Berlin 
since  the  year  1763  has  been  carried  on  for  his  Majesty's 
own  private  account,  with  success  and  with  good  taste.  Five 
hundred  men  have  constant  employment  in  it,  and  large 
quantities  of  the  porcelain  are  annually  exported.|| 


.  *  See  the  7Vave/<  of  Jonat  Hanway^  in  4  volumes,  4(o.  London,  1753. 

t  For  an  inleresting  acconnt  of  the  establishment  and  managetnent  of  the 
manufactory  at  Sevres,-aee  the  memoir  of  Broogniail,  the  aaperintendaat  of 
the  works.    PAt7.  Mag.  vol.  liii  p.  342 ;  and  vol.  liv.  p.  17,  «e. 

\  Annalet  de  Chimie,  tome  ii  p.  73 — 86. 

§  Wraxall's  Memoin  of  the  CawU  of  Berlin,  Dreaden,  kc.  9  vols.  8vo.  Lon* 
don,  1806. 

II  Bosching's  Tour;  and  the  Appeodii  to  the  Monthly  BevUw,  toI.1v.  p.  664, 
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Mr  Jones  Hanway,  in  the  account  of  his  travels,  has  pub* 
lished  a  particular  detail  of  an  immense  collection  of  porce- 
lain which  is  laid  up  in  the  Chinese  palace  at  Dresden.  The 
whole  recital  would  be  unsuitable  to  these  Essays  \  but  the 
following  particulars  will  show  how  the  Elector  of  Saxony 
valued  himself  on  account  of  the  perfection  to  which  the 
manufacture  of  porcelain  had  arrived  in  his  dominions** 

"  The  vaults  of  this  palace,"  savs  he,  "  consist  of  fourteen 
apartments  filled  with  Chinese  ana  Dresden  porcelain.  One 
would  imagine  there  was  sufficient  to  stock  a  whole  country ; 
and  yet  they  say,  with  an  air  of  importance,  that  a  hundred 
thousand  pieces  more  are  wanted  to  complete  the  intention  of 
furnishing  this  single  palace." 

^'  Here  are  a  great  number  of  porcelain  figures  of  wolves^ 
bears,  leopards,  &c.,  some  of  them  as  big  as  the  life ;  a  pro- 
digious variety  of  birds,  and  a  curious  collection  of  different 
flowers.  A  clock  is  preparing  for  the  gallery,  whose  bells 
are  to  be  also  of  porcelain :  I  heard  one  of  them^proved,  and 
sufficient  to  form  any  music ;  but  the  hammers  must  be  of 
wood  " 

^^  Here  are  forty-eight  large  China  vases,  which  appear  lo 
be  of  no  use,  nor  any  way  extraordinary,  except  for  their 
great  size ;  and  yet  his  Polish  Majesty  purchased  them  of 
the  late  King  of  Prussia  at  the  price  of  a  whole  regiment  of 
dragoons,  "t 

In  the  course  of  the  narrative,  Mr  Hanway  mentions  one 
very  interesting  circumstance,  viz.  that  samples  of  the  Jirst 
d^oTts  to  make  china  in  Saxony  were  laid  up  by  the  King  of 
Poland  in  this  palace,  together  with  specimens  of  all  the  im- 
provements, in  their  several  gradations,  from  the  first,  till  the 
time  when  the  manufactorv  arrived  at  its  utmost  state  of  per- 
fection ;}  an  idea  truly  philosophical,  and  which  reflects  more 
honour  on  his  memory  than  tne  bartering  away  the  liberties 
of  bis  subjects  for  pieces  of  foreign  porcelain*    > 

The  passion  for  collecting  porcelain  has  been  common  in 

*  The  potters  of  Dresden  were  always  as  curioas  in  the  management  of 
their  ovens  as  they  are  in  the  mannfactore  of  their  porcelain.  Nothing  but 
white  wood  is  employed  for  heating  the  iLilns,  and  this  is  nev«r  used  tiU  It  is 
become  thoroughly  ary. 

^  Jin  HiHorieal  AceowU  of  ihA  BrUjbk  Tradt  ever  the  Catpian  Sem,  miih  a 
Jfownal  of  Trapelty  by  Jonas  Hanway,  4  vols.  4to.  London ,  1763. 

t  The  potters  in  dliiony  are  so  exact  in  the  management  of  their  mannfiie- 
tories,  that  thby  employ  none  bat  the  purest  min-water  ibr  soaking  the  clay  -, 
and  they  prepare  the  clay  only  twice  a  year,  at  the  enulnoxes;  conceifing 
ihat  at  uose  seasons  the  water  is  less  contaminated  witn  foreign  ingfedients. 
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most  countries.  Dr  Campbell  remarks  that  ^  to  Ormus,  at 
the  proper  season  of  the  year,  resorted  the  merchants  from 
Persia,  Arabia,  and  Turkey.  At  these  seasons,^  he  says,  ^^  the 
city  wore  a  new  face,  the  outsides  of  the  houses  were  adorn- 
ed with  cabinets  of  porcelain,  and  with  beautiful  paintings; 
and  all  the  riches  of  the  East  blazed  in  the  eyes  of  the  cap- 
tivated spectator.'^ 

The  ereatest  part  of  the  earthenware  that  is  now  made  in 
England  is  manufactured  in  a  particular  district  of  about 
ten  miles  extent,  well  known  by  the  name  of  the  Staflford- 
shire  Potteries.!  Here  earthenware  has  probably  been  made 
ever  since  the  time  of  the  Romans  ;|  but  there  did  not  ap- 
pear to  have  been  any  ambition  among  the  manufacturers  to 
improve  the  art,  or  lo  produce  any  works  of  taste,  till  the 
late  Mr  Wedgwood  engaged  in  the  business.  This  most  ex- 
cellent man  brought  modellers  from  Italy  and  from  other 
J  arts  of  the  continent,  whom  he  engaged  at  high  wages ;  and 
e  also  constantly  employed  a  competent  chemist  in  expert* 
ments,||  that  nothing  might  be  wanting  which  could  conduce 
to  extend  the  employment  of  earthenware  throughout  Europe, 
or  that  could  in  any  way  tend  to  give  a  permanency  to  the 
staple  manufactory  of  the  county  which  bad  riven  him  birth. 

Amidst  a  collection  of  the  most  beautiful  medallions  of 
British  and  Foreign  Worthies,  the  manufactory  at  Etruria 
produces  vases  and  urns  in  imitation  of  jasper  and  other  va- 
riegated stones;  a  fine  black  porcelain,  of  which  very  beau- 
tiful vases  and  bas-reliefs  are  made,  after  antique  patterns ; 
Etruscan  vases  ornamented  with  encaustic  paintings,  after  the 
Bntitjue ;  and  bas-reliefs  of  a  white  composition,  on  coloured 
grounds,  so  as  to  have  the  effect  of  enlarged  cameos.  To  the 
late  Mr  Wedgwood  the  country  is  indebted  for  all  these  dis- 
coveries in  the  art  of  pottery. 

Notwithstanding  the  energy  with  which  Mr  Wedgwood  de- 
voted his  inventive  talents  and  chemical  knowledge,  to  the 
improvement  of  his  favourite  manufacture,  during  the  course 


*  Poliiioal  Survey^  vol,  i.  p.  87. 

t  Some  account  of  this  manufactory  may  be  seen  in  Plot's  Hidory  ofSiaf- 
fordthire  ;  in  Arthur  Toung's  Six  MwUht*  four  ikrough  ttu  Jtcrth  ofEngUindf 
in  4  vols  8vo.  London,  1770 ;  in  Ailcin's  Jieeount  of  the  Country  round  JItoi- 
ehuter;  and  in  the  Ckemieal  Cattehitm,  chap.  t.  page  110. 

t  In  sinlcing  pits  very  evident  remains  of  Roman  potteries  have  been  dis- 
covered, ami  at  a  considerable  depth  below  the  present  surface  of  the  land. 

II  See  the  first  vol.  of  these  Essays,  p.  22. 
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of  a  long  and  industrious  life,  I  have  no  doubt  that  chemistry 
might  still  confer  many  benefiis  on  the  potter's  art,  if  the 
manufacturers  in  general  would  bestow  such  an  education 
upon  their  children  as  would  enable  them  to  pay  a  proper 
attention  to  the  cultivation  of  this  science* 

Impressed  with  this  idea,  I  have  myself  frequently  inspect- 
ed several  of  the  largest  manufactories  of  earthenware  in 
this  kingdom,  as  well  as  many  others  of  inferior  note,  and 
have  examined  their  various  processes  with  the  utmost  care 
and  attention.  A  residence  of  several  years  at  Stoke-upon- 
Trent,  in  the  midst  of  the  Staffordshire  potteries,  affordca  me 
the  best  opportunities  for  this  purpose,  and  enabled  me  to 
make  those  inquiries  at  my  leisure,  and  to  acquire  that  inform 
mation  which  hone  but  an  inhabitant  could  easily  have  ob- 
tained. 

It  will  not,  however,  be  necessary  for  me,  while  giving  au 
account  of  this  manufactory  as  at  present  conducted,  to  go 
much  into  detail ;  because,  if  this  were  the  object  I  had  in 
view,  it  would  be  necessary  to  devote  a  volume  or  more  to 
the  purpose ;  for  I  am  acquainted  with  few  manufactories  in 
which  the  operations  are  more  numerous  and  diversified* 

On  this  account,  I  shall  content  myself  with  giving  such  an 
outline  of  the  business  as  will  afford  the  general  reader  a  cor- 
rect idea  of  the  nature  of  the  different  operations  ;  and  at  the 
same  time  shall  propose,  for  the  consideration  of  the  manu* 
facturers  themselves,  such  hints  for  the  improvement  of  some 
of  the  processes,  as  I  conceive  to  be  worth  their  attentioh. 

Before  I  proceed  to  a  descriptive  detail  of  the  several  pro- 
cesses in  the  manufactory  of  earthenware,  it  will  be  proper 
to  say  a  few  words  on  the  nature  of  the  different  materials 
which  are  usually  employed  to  form  the  body  of  the  ware 
itself. 

It  is  well  known  that  the  chief  ingredients  are  clay  and 
flint ;  the  former  of  which^  when  pure,  is  known  to  chemists 
by  the  name  of  alvmina  and  the  latter  by  the  name  of  sUka^ 
and  that  no  kind  of  earthenware  can  ever  be  perfect,  unless 
it  be  made  of  a  suitable  sort  of  clay,*  and  in  that  proj)ortion 
only  which  shall  be  correspondent  to  the  quantity  of  flint 
employed.  The  experience  of  ages  has  confirmed  this,  and 
has  proved  that  good  pottery,  as  Vauquelin  has  remarked, 


*  Mftoqoer's  Paper  on  Clays,  in  Uie  Mtmoin  of  the  Academy  for  the  year 
17(^8,  is  nighly  deaerviog  of  perusal. 
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differs  from  bad,  less  in  the  diversity  of  its  elements,  than  id 
their  proportions.  How  crude  have  been  the  notions  of  men 
respecting  the  chemical  nature  of  bodies !  The  great  Bufibn 
^considered  clay  to  be  merely  silica  attenuated,  and,  as  it 
were,  rotted  by  the  action  of  water,  the  air,  and  the  sun/' 
Baume  was  of  opinion  that  sulphuric  acid  is  a  component 

fiart  of  all  clays,  and  that  the  difference  which  is  observa!>le 
n  different  samples  of  this  earth  is  chiefly  owing  to  variation 
in  the  quantity  of  this  acid— ->but  this  opinion  is  also  erro- 
neous. 

There  are  four  Icinds  of  clay  in  common  use  in  the  Staf- 
fordshire potteries*  and  they  are  known  by  the  following 
appellations,  viz.  Black  clay.  Cracking  clay,  Brown  clay,  and 
Blue  clay.  The  two  former  are  the  produce  of  the  south  of 
Devonshire,  the  others  are  brought  from  the  Isle  of  Purbeck 
in  the  county  of  Dorset*  With  regard  to  the  price  of  these 
clays,  that  of  the  two  first  is  14^.  per  ton,  delivered*  on  hoard 
the  vessel,  or  44«.  when  delivered  in  the  potteries.  The 
price  of  the  two  latter  is  3U.  on  board,  or  from  48^.  to  53«« 
per  ton,  when  delivered  to  the  works. 

The  black  clay  takes  its  name  from  the  colour  which  it 
usually  bears,  and  this  is  derived  from  a  quantity  of  bitumen 
or  coaly  matter  which  it  contains.  This  carbonaceous  por-' 
tion  is,  however,  entirely  consumed  when  the  clay  passes 
through  the  potter's  oven,  for  the  articles  made  with  it  become 
when  properly  fired  of  a  good  white.t  It  is,  indeed,  a  curious 
fact,  that  the  blacker  this  clay  is  when  it  is  first  dug,  the  more 
white  will  the  earthenware  be,  which  is  made  with  it. 

The  second  kind,  called  cmc/nng*,  has  acquired  its  name 
from  a  property  which  it  has  of  occasioning  the  ware  to  crack 
during  the  first  process  of  burning,  or  while  making  it  into 
biscuit,  if  by  accident  a  larger  quantity  than  usual  of  it  has 
been  employed.  But  notwithstanding  tnis  singular  property, 
tbe  manufacturers  are  fond  of  it,  on  account  of  its  extreme 
whiteness. ,  It  is,  however,  always  dangerous  to  use  it,  unless 
it  be  employed  with  judgment,  because  it  has  a  peculiar  ten^ 


*  For  the  properties  of  the  best  porcelain  clay  consalt  the  French  CAeeii* 
cat  Dictionary f  article  Clay,  or  Chaptal's  Chemittry  applied  to  tht  jSrtSf  vol.  iii. 
p.  225. 

t  The  Roman  potters  must  have  learnt  that  the  native  clays  differ  Terf 
much  in  their  nature  and  properties,  for  they  had  different  names  to  distin- 
l^aish  them  ;  luch  as  J9rgilla  for  potter's  clay ;  Terra  pinguUt  black  clav ; 
UueargilHonyVrhiie  clay;  Terra  dgiUaris,  Hoe  clay>  and  TatevmmihW 
clay  for  cnicibles. 
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•Aericy  to  crack  even  when  mixed  with  the  usual  proportion 
of  silica.  •  Every  kind  of  clay,  when  dried  without  any  ad- 
mixture, will  be  liable  to  this  inconvenience;  because,  if  pure 
argillaceous  earth  be  made  sufficiently  soft  to  be  modelled  by 
the  potter's  wheel,  it  will  shrink  one  inch  in  twelve  during  the 
process  of  drying,  and  this  will  itievitably  produce  the  effect 
\n  iruestion. 

The  third  kind  #hich  I  have  mentioned,  is  what  is  known 
by  the  name  of  brown  clay.  The  excellency  of  this  sort  is, 
that  it  burns  white,  without  danger  of  its  cracking  like  the 
last  species,  although  it  is  tiatble  to  another  imperfection  which 
is  termed  crazing.  Some  manufacturers,  however,  employ 
this  clay  largely,  while  others,  on  account  of  this  peculiar 
property,  refuse  it  entirely. 

Crazing  is  a  technical  term  to  denote  the  cracking  of  the 
glaze.  It  is  believed  that  this  generally  arises  from  a  defec- 
tive union  of  the  glaze  with  the  body,  owing  to  the  clay,  or 
the  mixture  of  the  clay  with  the  other  materials  being  ill 
calculated  to  receive  the  glaze  properly.  But  may  it  not  be 
occasioned  rather  by  the  glaze  itself  being  not  perfectly  fusi- 
ble ?  I  suspect,  however,  that  it  more  frequently  originates 
from  the  circumstance  of  the  ware  being  drawn  out  of  the 
oven  before  it  has  time  to  cool  gradually,  and  for  the  glass  to 
become  properly  annealed.  It  lime  be  mixed  with  the  ma- 
terials which  form  the  body  oif  the  ware,  that  will  unavoida- 
bly occaision  the  cfazing  of  the  glaze. 

The  fourth  kind,  called  blu^  clay,  is  considered  to  be  the 
best,  and,  indeed,  it  always  costs  the  highest  price.  This  not 
only  burns  white,  but  it  forms  a  very  solid  kind  of  ware,  and 
Viiii  bear  a  larger  proportion  of  flint  than  any  other;  and 
it  IS  well  known  to  potters,  that  the  greater  the  quantity  of 
silica,  the  whiter  will  be  the  earthenware ;  though  if  more  of 
this  species  of  earth  should  be  employed  than  the  clay  will 
admit,  it  would  occasion  the  goods  to  crack  in  the  second 
burning.  Both  this  and  the  brown  clay  are  now  much  used 
for  making  porcelain.* 

It  rec(aires  much  practice  to  be  enabled  to  understand  the 
nature  of  cla^s  sufficiently  to  employ  them  in  pottery  to  the 
"h^st  advantage.  Dr  Lewis,  in  his  notes  to  Neumann's  Chem- 
istry, has  given  the  results  of  many  experiments  on  the  mix- 
tore  of  clay  with  the  different  earths  and  earthy  compounds 


*  An  'iDteresting  enumeration  of  a  Tariety  of  other  uses  to  whicb  clay  may 
be  applied,  will  -be  found  in  Fourcroy*8  Sytiem  of  ChenUtby^  vol.  ii.  p.  207. 
Bost.  Jour.  June  fy  July^  1826.  57 
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for  the  purposes  of  making  pottery,  which  may  be  read  with 
advantage  by  those  who  are  desirous  of  investigating  this 
subject.*  Chaptal  speaks  of  a  white  earth  from  Ayoree  in 
North  America,  which  the  French  potters  employ.  Would 
not  this  be  of  equal  value  to  our  manufacturers  ? 

Silica,  or  pure  flint,  as  I  have  stated  above,  is  likewise  an 
important  article  in  the  manufacture  of  earthenware ;  form- 
ing, in  general,  a  fourth,  a  fifth,  or  a  sixth  part  of  the  whole 
of  the  bulk  of  the  prepared  mixture  or  paste,  when  taken  by 
weight. 

There  is  however  one  remarkable  difference  in  the  proper- 
ties of  silica  and  alumina,  which  has  a  very  manifest  effect 
on  porcelain.  Pure  silica  is  transparent;  but  the  thinnest 
lamina  of  alumina  is  entirely  opaque. 

Alumina  has  such  an  affinity  for  silica  that  it  will  unite  with 
it  even  in  the  humid  way,  ana  form  a  kind  of  mortar,  which 
will  harden  by  time,  and  be  afterwards  incapable  of  decom- 
position by  the  action  of  the  atmosphere.  This  combination 
is  the  basis  of  many  of  the  gems  and  precious  stones. 

Much  of  the  flint  used  in  England  is  brought  from  the 
neighbourhood  of  Larne  in  the  county  of  Antrim,  in  Ireland ; 
but  as  this  comes  out  of  a  bed  of  limestone,  it  is  not  so  good 
for  the  potter's  use  as  the  chalk  flint.  The  price  of  the  latter 
is  at  this  time  about  35«.  per  ton,  delivered  in  the  Stafford- 
shire potteries.  The  flint  which  is  most  approved  is  procured 
chiefly  from  Gravesend,  where  it  is  found  imbedded  in  the 
chalk.t  It  is  usually  sold  at  40a.  per  ton,  delivered  at  the' 
works. 

The  English  potters  procure  their  flint  on  these  low  terms, 
because  the  people  who  are  employed  in  Kent  and  the  neigh- 
bouring counties  in  getting  the  limestone  and  chalk,  are  ob- 
liged to  raise  the  flint  also ;  which  being  in  their  way,  the 
proprietors  of  the  quarries  are  glad  to  get  rid  of  it  even  at  a 
very  inferior  price.  ' 

It  has  been  suggested  by  a  ^friend  of  mine,  that  an  inex- 
haustible source,  for  supplying  the  manufacturers  with  very 
excellent  flint,  would  be  the  sea-shore ;  and  that  a  person 
conversant  with  chemistry  might  readily  examine  a  few  sam- 
ples of  pebbles,  and  determine  which  were  most  suitable  for 
making  good  pottery. 

I     II       I     I  II    I  I  I  I--"-!  -11  I 

*  Lewis's  Neumann,  London,  1773,  vol.  I.  p.  80,  &c. 
t  Silica  is  also  a  component  part  of  varioiu  otiier  stonesi  and  is  the  basis 
of  rock  crystal,  quarts,  agate,  &c. 
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For  making  the  finer  kinds  of  earthenware  a  considerable 
quantity  of  Cornish  clay  is  also  used,  known  commonly  by 
the  name  of  China-clay.  This  is  the  decomposed  fel-spar  of 
the  CTanite ;'  and  it  is  prepared  in  Cornwall  by  the  clay- 
merchants  themselves,  before  it  is  transmitted  to  the  Stafford- 
shire potteries. 

There  are  huge  masses  or  rather  mountains  of  white  gra- 
nite in  Cornwall,  and  in  some  parts  of  the  county  this  is 
found  to  be  partially  decomposed ;  and  it  is  where  this  is 
the  case,  that  the  mineral  is  raised  and  prepared  for  the  pur- 
pose of  making  earthenware  and  porcelain,  it  having  been 
discovered  some  years  ago,  by  Mr  Cookworthy  of  Plymouth, 
that  this  mineral  furnishes  us  with  the  true  kaolin,  and  also 
with  the  petuntse  of  the  Chinese. 

Granite  is  composed  of  quartz,  fel-spar,  and  mica :  and 
Mr  Gerhard  found,  in  making  an  experiment  on  granite,  that 
the  fel-spar  melted  into  a  transparent  glass ;  under  it  the  mica 
lay  in  the  form  of  a  black  slag,  and  the  quartz  remained  un- 
altered.* 

To  render  the  decomposing  granite  of  Cornwall  fit  for  the 
manufacturer,  the  following  method  is  adopted.  The  stone  is 
broken  up  by  means  of  a  pickaxe,  and  then  thrown  into  a 
stream  of  running  water.  This  washes  off  the  light  argilla- 
ceous parts  and  keeps  them  in  suspension,  whilst  the  quartz 
and  the  mica,  thus  separated,  are  allowed  to  subside  near  the 
place  where  the  stone  is  first  raised. 

At  the  end  of  these  rivulets  are  a  certain  kind  of  catch- 
pools,  where  the  water  is  at  last  arrested,  and  time  is  allowed 
for  the  pure  clay,  with  which  the  water  is  thus  charged,  to 
separate  entirely  from  it.  As  soon  as  all  the  clay  has  sub- 
siaed,  the  water  is  drawn  out  of  these  receptacles.  The  solid 
matter  is  then  du^  up  in  square  blocks,  and  laid  on  what  are 
called  linnees,  which  are  several  connected  series  of  strong 
shelves,  erected  so  as  to  allow  a  proper  circulation  of  air,  in 
order  that  the  clay  may  be  more  enectually  dried  for  sale. 
It  is  then  packed  in  casks  and  sent  to  the  Staffordshire  pot- 
teries, and  elsewhere,  under  the  name  of  China-clay.  Thus 
prepared,  it  is  extremely  white,  and  in  the  state  of  an  impal- 
pable powder.  It  may  here  be  observed  that  none  of  the 
native  clays  are  entirely  free  from  foreign  ing;redients*  If 
pure  argillaceous  earth  be  required,  it  can  only  be  procured 

^^"^"■^—^■^        111         1 .11  "1  - 

*  Nicholson's  Chemical  Dietionary. 
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from  alum,  which  may  be  dissolved  ij\  water,  and  then  dey 
composed  by  an  alkafi.  In  this  proce»§  the  pure  clay  wil) 
subside,  which  should  then  be  thoroughly  washed  for  use. 

The  price  of  these  Cornish  clays  is  considerably  higher 
than  that  of  any  other  kindj  but  for  many  of  the  nner  pur- 
poses of  pottery,  they  are  absolutely  indispensable.  Iney 
are  very  smooth  and  ductile,  and  their  extreme  whiteness  is 
very  remarkable.  It  was  analysed  by  Mr  Wedgwood,  and 
found  to  consist  of  60  parts  alumina  and  20  of  silica. 

The  Cornish  clay  |s  also  extremely  useful  for  making  cru- 
cibles, as  it  will  not  fuse  by  the  addition  of  any  of  the  com* 
mon  fluxes.  In  using  these  crucibles,  however,  they  should 
always  be  put  within  others  which  are  of  little  value ;  the 
inner  ones  will  then  acquire  the  heat  gradually,  otherwise 
they  would  be  in  great  danger  of  breaking. 

Besides  the  clays  already  mentioned,  some  of  the  Cornish 

franite  itself  is  often  used  with  the  clay  on  account  of  the 
inding  quality  which  it  possesses,  and  its  knitting  as  it  were 
the  other  materials  mor  e  closely  by  its  fusibility,  it  being 
naturally  more  fusible  than  the  earths  usually  employed  in 
this  manufactory :  for  it  is  a  curious  fact,  that  neither  clay, 
silica,  nor  lime,  will  ooelt  singly ;  but  by  mixing  these  three 
species  in  due  proportions  the  greatest  aegree  of  fusibility  is 
acquired.* 

Having  thus  briefly  described  the  several  articles  which 
are  most  commonly  employed  in  making  pottery,  it  will  now 
be  necessary  to  explain  in  what  manner  these  are  separately 
prepared  for  use. 

The  flints  are  managed  in  this  way :  they  are  first  burnt 
in  a  kiln  constructed  for  the  purpose,  and  somewhat  similar 
in  form  to  a  common  lime-kiln;  and  then  they  are  ground  be- 
tween very  hard  stones  by  a  great  power,  ^hich  is  given 
either  by  the  water-wheel  or  py  a  steam-engine.  In  con- 
structing the  apparatus  the  pyrity  and  hardness  of  the  stones 
are  of  very  material  consequence ;  for  should  tfiey  contain 
calcareous  earth,  a  portion  of  this  would  bp  abrade^  durine 
the  grinding  of  the  flint,  which  would  prove  very  de^imentat 
to  the  pottery  of  which  it  formed  a  part^ 

To  enable  the  operator  to  expedite  the  process,-  and  at  the 
same  time  to  grind  the  flints  finer,  a  quantity  of  watisr  is 
thrown  into  the  mill  with  theip,  so  that  the  article,  when  fin* 

*More  on  this  subject  may  be  s^eo,  under  the  article  C/fl(y>  in  Macqaer's 
^ddUiom  to  ihc  French  ^fiemical  IHctumar^ 
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i^hed^bas  much  the  appearance  aod  the  consistence  of  cream. 
The  health  of  the  workmen  is  also  preserved  bj  this  expe- 
dient ;  for,  before  this  method  was  adopted,  the  atmosphere 
of  the  room  often  became  charged  with  the  finer  particles  of 
the  flint,  which,  entering  into  ihe  lungs,  sometimes  produced 
the  most  disastrous  consequences. 

The  grinding  the  flint  with  water  was  first  practised  by  the 
celebrated  Bnndley,  well  known  for  his  skill  in  the  construc- 
tion of  inland  canab.  The  mills  now  in  use  were  also  invent- 
ed by  him ;  and  are  composed  of  a  very  hard  silicepus  stone 
called  chert^  which  is  found  in  abundance  in  (he  neighbour- 
hood of  Bakewell  in  Derbyshu-^e. 

I  have  already  hinted,  that  it  is  important  to  attend  to  the 
nature  of  the  stone  which  is  employed  in  these  mills,  and 
some  years  ago  I  was  told  of  a  very  severe  loss  which  was 
sustained  by  many  of  the  large  potters,  in  consequence  of 
their  having  been  supplied  with  great  quantities  of  prepared 
flint  which  bad  been  ground  by  stones  containing  a  consider- 
able portion  of  carbonate  of  lime,  whicb  being  mixed  with 
the  flmt,  and  eventually  with  tl^e  material  itself,  occasioned 
to  the  body  of  manufacturers  a  loss  of  many  thpiisand 
pounds. 

In  order'to  prepare  the  clay,  il  is  first  mixed  with  water  to 
the  consistence  of  cream :  the  design  of  this  is,  that  it  may 
be  the  more  easily  passed  throujgh  the  sieves,  and  intimately 
united  with  the  ground  flint,  which'  could  not  be  done  with 
uniformity  and  certainty  if  these  earths  were  nuxed  dry. 

The  mixture  of  the  clay  and  water  in  the  first  instance,  i» 
generally  efiecxed  by  means  of  iopg  wooden  instruments, 
which  the  pien  move  backwards  and  forwards  with  consider- 
able force  throughout  the  whole  mass.  It  is  ^n  operation  of 
great  labour,  and  is  distinguished  by  the  term  blunging. 

The  i^rouxiid  flint  is  mixed  ip  a  similar  way  with  water,  and 
the  stirring  is  continued  until  it  become  ope  unifprm  fluio 
mass.  But  these  earths,  the  clay  and  the  flint,  are  always 
blunged  separa^y ;  because,  if  otherwise,  and  the  two  eartjb^ 
were  mixed  before  being  deprived  of  their  impurities,  which 
cannot  be  done  till  they  are  broMght  into  a  fluid  state,  it 
l¥ould  be  impossible  to  observe  the  requisite  proportions,  of 
each*. 

The  Purification  of  these  earths  is  eflfected  by  a  process 
similar  to  that  which  the  chemist  calls  Elutriation.  When 
the  earth  has  been  well  brok,en  and  thoroughly  mixed  with 
wateri  it  13  put  ipto  vats,  or  pther  large  vessels  \  and  when  it 
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has  stood  long  enough  for  the  grosser  parts  to  subside,  the 
fluid  containing  the  finer  particles  is  drawn  off  by  a  plug,  and 
reserved  for  use. 

In  every  preparation  of  these  materials  for  the  formation 
of  earthenware  or  porcelain,  it  is  of  the  utmost  consequence 
to  attend  to  the  relative  quantities  of  each :  therefore,  when- 
ever these  mixtures  of  the  fluid  clay  with  the  flint  are  to  be 
made,  they  are  always  done  with  some  nicety,  an  attention 
being  paia  to  the  specific  gravity  of  each  of  the  fluids,  which 
is  either  made  heavier,  or  diluted  further  with  water,  as  the 
case  may  require.  The  mixture  of  clay  and  water  after  it 
has  passed  once  through  the  sieve,  is  generally  brought  to  the 
specific  gravity  of  24  oz.  the  wine  pint.  A  pint  measure  of 
the  ground  flint  and  water,  when  in  the  same  state,  is  usually 
32  ounces. 

When  the  clay  and  the  flint  are  mixed  in  suitable  propor- 
tions, the  whole  mass,  in  this  state  of  semifluidity,  is  passed 
through  the  sieves  to  take  out  any  remaining  impurities,  and 
also  to  detain  those  particles  which  have  not  oeen  sufSciently 
levigated.  The  mixture  is  then  passed  through  the  finest 
silk  lawn,  to  ensure  the  certainty  of  no  unbroken  pieces  re- 
maining in  it,  and  to  reduce  ihe  whole  to  a  state  of.the  utmost 
uniformity  and  smoothness.* 

The  next  object  is,  to  separate  the  water  which  has  been 
employed  with  such  profusion,  and  the  readiest  way  of  effect- 
ing this  is  found  to  be  by  the  direct  application  of  heat.  The 
mass  is  therefore  now  poured  into  very  long  brick  troughs, 
which  are  built  with  flues  under  them  of  a  suflScient  size  to 
afibrd  heat  enough  to  produce  an  ebulition  in  the  mixture ; 
and  this  is  continued  until  so  much  of  the  water  is  evaporated 
as  will  reduce  the  mass  to  the  desired  consistence. 

The  evaporation  is,  indeed,  never  carried  beyond  a  certain 

Eoint ;  because,  if  this  mixture  of  the  earths  were  allowed  to 
ecome  nearly  dry,  it  would  not  be  kneadable  by  the  usual 
methods ;  neither  could  it  be  worked,  by  the  hand  or  the 
wheel,  into  any  of  those  forms  which  it  may  be  the  intention 
or  the  interest  of  the  potter  to  impart  to  it. 

I  ought  to  have  mentioned,  that  the  mixture  of  the  clay 
and  the  flint  with  water,  is  known  in  the  trade  by  the  name 
of  slip ;  that  the  place  in  which  it  is  kept  is  the  slip-chouse; 
and  the  trough  on  which  it  is  boiled  is  called  the  slip^n. 
* 

*  A  curious  account  of  the  Span'tsh  method  of  preparing  the  clay  for 
making  the  alcarazas,  or  wine-coolers,  may  be  seen  in  a  Memoir  by  Lastey- 
rie,  in  the  Journal  det  Jtfinef,  for  1798. 


On  Earthenware  and  Porcelain,  455 

When  the  mixture  has  been  thus  brought  to  a  proper  con- 
sistence, it  ought  to  be  kept  for  a  considerable  time,  that  the 
materials  may  become  more  intimately  united  than  they  can 
ever  be  by  mere  mechanical  force :  but  in  general  this  is  not 
much  attended  to,  although  every  manufacturer  is  fully  aware 
of  its  importance.  Want  of  room,  of  time,,  and  often  of  capi- 
tal, occasions  it  to  be  sometimes  used  warm  from  the  slip-kiln, 
and  not  uncommonly  when  it  has  been  lying  for  only  a  few 
hours  or  days.  In  China  it  is  no  unusual  thing  for  the  pre* 
pared  clay  to  remain  from  14  to  20  years  before  it  is  thought 
to  be  in  a  fit  state  for  use ;  and  I  have  heard  of  some  districts 
i¥here  it  is  customary  for  a  father  to  prepare  as  much  porce- 
lain-clay as  will  be  sufficient  for  the  use  of  his  son  throughout 
the  whole  period  of  his  life. 

When  the  dried  mass  has  been  removed  from  the  kiln,  the 
next  process  is  that  of  tempering  it,  which  is  effected  by  first 
beating  it  with  mallets,  and  then  turning  it  and  beating  it 
again,  and  again,  with  small  spades,  or  paddles,  as  the  work- 
men call  them,  until  it  is  thought  to  be  as  well  tempered  as  it 
can  be  by  these  operations. 

It  should  be  recollected  that  this  is  not  pure  clay,  but  a 
mixture  of  all  the  ingredients.  Vauquelin  says  that  ^  Silex 
constantly  forms  at  least  two-thirds  of  most  pottery ;  alumine 
from  a  fifth  to  one-third ;  lime  from  one  five-hundredth  to  one 
twenty-hundredth  part ;  and  iron  from  the  minutest  quantity 
to  twelve  or  fifteen  per  cent.'' 

The  mass,  after  the  operation  of  beating,  undergoes  a  pro- 
cess called  alofping.  For  this  purpose  it  is  removed,  in  the 
state  of  large  lumps,  to  a  convenient  bench  or  table,  where  a 
man  having  cut  it  across  with  a  brass  wire,  unites  it  again  by 
slapping  one  of  the  halves  down  upon  the  other  with  all  his 
force ;  ne  then  cross-cuts  it  again  and  again,  and  as  often 
unites  it  by  main  force,  as  before. 

This  cutting  the  clay  in  pieces  and  slapping  it  together,  is  a 
laborious  operation ;  but  it  must  always  be  contmued  until 
the  air-bubbles,  which  the  mass  at  first  contained  in  great 
abundance,  are  all  driven  out  of  it ;  because,  if  the  air  was 
not  thus  carefully  expelled  from  the  clay,  it  would  escape 
when  it  became  rarified  in  the  oven,  and  this  would  produce 
such  blisters  as  would  spoil  the  manufactured  goods.  On  this 
account  the  slapping  is  continued  until  the  mass  exhibits, 
wherever  it  may  be  cut,  a  perfectly  smooth  and  homogeneous 
surface. 

Of  late  years  Mr  Wedgwood  and  some  other  considerable 
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Setters  have,  however,  cmploved  an  apparatus  invented  by 
r  Thomas  LoWe  of  Nottingham,  whicli  effects  all  those  pur- 
poses at  once.  It  is  moved  by  a  steam-engine,  and  performs 
all  these  operations  with  a  surprising  economy  of  time  and 
labour.  It  first  breaks  the  burnt  flint ;  h  then  grinds  it  in 
water,  and  another  part  of  the  apparatus  performs  the  hither- 
to laborious  operation  of  blunging*  the  clay  in  water  and 
breaking  it  into  a  semi-fluid  and  uniform  mass.  When  this  is 
done,  it  is  run  off"  and  sifted  by  several  sieves  of  different 
degrees  of  fineness,  all  which  are  mov^d  by  the  same  power. 
This  earthy  fluid  then  runs  down  to  a  lower  room,  where  it 
goes  through  other  sieves  in  the  same  way.  In  like  manner, 
another  part  of  the  Apparatus  squeezes  the  dried  clay,  to  save 
the  expensive  operation  of  slapping^  described  at  page  455 ; 
aftpr  which  it  passes  to  an  iron  cylinder  full  of  knives,  where 
it  is  cut  into  pieces  with  great  expedition ;  which  saves  the 
expense  of  cutting  it  by  hand  with  brass  wires,  as  before 
mentioned.  This  receptacle  is  not  properly  a  cylinder,  but 
a  large  hollow  inverted  cone  of  iron,  and  the  knives  are  fixed 
in  an  upright  shaft  which  revolves  within  it  and  passes 
through  Its  centre.  These  knives  are  so  contrived  that  the 
clay,  as  it  is  cut,  is  forced  lower  and  lower  by  every  revolu- 
tion, until  at  last  it  is  pressed  by  the  power  of  the  machinery 
through  a  square  hole  near  the  bottom  of  the  apparatus,  from 
whence  it  is  removed  as  it  falls,  and  is  carried  in  blocks  to  the 
other  parts  of  the  manufactory. 

The  clay  having  undergone  those  varied  operations,  it  is 
now  fit  for  being  formed  into  any  shape,  or  employed  for  any 
purpose,  for  which  it  is  designed.  Accordingly,  it  is  fashion- 
ed into  various  forms  by  means  of  a  variety  of  moulds  made 
of  plaster  of  Paris;  or  put  into  as  great  a  aiversity  of; shapes 
by  the  potter's  wheel. 

Nothing  is  found  to  answer  so  well  for  making  the  potter's 
moulds  as  plaster  of  Paris ;  because,  when  rightly  prepared,  it 
has  the  property  of  absorbing  the  water  so  very  rapidly  from 
the  ware,  that  it  occasions  it  to  slip  out  of  the  mould,  or  to 
deHoer  itself  easily,  as  the  technical  phrase  is. 

To  prepare  the  plaster  for  making  the  moulds,  it  id  first 
ground  in  a  mill  exactly  similar  to  that  which  is  generally 
used  for  grinding  com  by  means  of  a  pair  of  flour  stones ;  it 

\ 

*  This  is  the  technical  term,  but  doubUess  it  is  a  corruption  of  the  word 
plunging. 
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IS  then  baked,  or  rather  boiled,*  to  expel  the  water  which  is 
one  of  its  component  parts  when  in  a  native  state. 

This  plaster,  which  is  the  native  sulphate  of  lime,  is  boiled 
in  yer J  Jong  brick  troughs,  having  a  fire  flue  running  under- 
neath them.  The  man  who  superintends  the  process  has  a 
handkerchief  tied  over  his  mouth  for  safety ;  as  the  small 
particles  getting  upon  the. lungs,  or  into  the  stomach,  have 
been  found  to  be  very  injurious  to  the  health  of  the  operator. 

When  this  piaster  has  been  thus  deprived  of  water,  it  is  in 
the  state  of  a  soft  and  impalpable  powder ;  and  if  its  own 
proportioti  of  Mrater  be  again  mixed  with  it,  it  will  immediately 
set  into  a  hard  compact  mass*  It  is  this  property  which  ren- 
ders it  so  peculiarly  fit  for  making  the  potter's  moulds. 

The  manipulations  by  which  the  difierent  articles  of  earth* 
enware  are  made,  are  so  varioils  and  multiplied,  that  it  would 
be  very  diflScult,  if  not  impossible,  to  describe  them.  They 
can  be  known  only  by  those  who  have  had  opportunities  of 
vishing  a  pottery.  A  short  outline  of  these  processes  will 
however  be  expected  from  me,  and  may  be  acceptable  to  the 
generality  of  my  readers. 

Much  of  the  common  earthenware  is  formed  by  means  of 
the  potter's  wheel,  which  is  a  round,  board  attached  to  a 
lathe,  and  capable  of  being  moved  thereby,  either  rapidly  or 
otherwise,  as  the  occasion  diay  require.  This  round  board 
-moves  in  a  horizontal  position ;  and  when  in  use,  the  clay 
which  is  to  be  fashioned  is  fixed  on  the  Centre  of  it ;  and  it  is 
put  in  motion  either  by  a  person  who  constantly  attends  it 
when  at  work,  or  by  meantf  of  a  treadle  which  is  moved  by 
the  foot  of  the  workman  himself. 

As  the  clay  revolves  upon  this  machine,  the  workman  either 
models  it  by  his  fingers,  or  forms  it,  by  means  of  an  instru- 
ment which  he  holds  in  his  hand,  into  any  kind  of  circular 
shape  that  he  may  desire ;  and  when  the  object  is  to  make  a 
number  of  vessels  exactly  similar  to  each  other,  the  size  is 
generally  determined  by  a  guage  fixed  without  the  circumfe- 
rence of  the  revolving  wheel,  but  projecting  over  it  in  such  a 
manner  that,  whenever  the  yielding  clay  is  spread  out  until 
it  touch  this  guage,  the  artist  knows  that  the  article  which  be 

is  making  has  attained  the  exact  figure  which  he  intends. 

• 

*  BoileiL  This  may  appear  to  be  an  ioooDcruous  eipretsion  when  ap- 
plied to  a  dry  earthy  substance ;  bat  the  (act  iS|  uat  when  the  groand  platter 
is  heated  it  has  so  much  the  appearance  of  ebnlitioni  that  the  term  wnich  I 
have  employed  is  made  use  oi  by  the  wofkmen  anivenally.  The  finished 
article  is  always  called  hdUd  pUuier. 

Boat.  J(mr.  June  fy  JtiAfilS26.  58 
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The  potter's  wheel  is  probably  the  most  ancient  of  the 
manufacturing  instruments  now  in  use.  It  was  known  to  the 
author  of  that  book  in  the  Jewish  Scriptures,  which  claims 
the  highest  antiquity  of  any  writings  we  have,  and  who  must 
have  lived  at  least  3000  years  ago.  This  simple  instrument 
has  however  of  late  years  been  much  improved  by  adapting 
a  strap  to  it,  which  passes  over  a  large  taper  cylinder  of 
wood,  by  means  of  which  the  artist  is  enabled  to  increase  or 
diminish  the  rapidity  of  the  motion  at  pleasure.  This  con- 
trivance is  known  to  mechanics  by  the  name  of  the  cone 
pulley* 

In  going  through  a  pottery,  it  will  be  observed,  that  all  the 
article's  are  very  thick  and  coarse  when  they  come  from  the 
wheel.  This  perhaps  is  unavoidable.  They  are  therefore 
taken  to  a  lathe,  where  the  extra  quantity  of  clay  is  removed, 
in  the  same  manner  as  the  wood-turner  forms  his  work 
by  shaving  off  successive  portions  of  the  wood.  These  par- 
ings of  clay  are  afterwards  kneaded  as  before,  and  then 
worked  over  again  for  similar  purposes. 

It  is  curious  to  notice  the  great  variety  of  circular  thin^ 
that  may  thus  be  made  by  means  of  the  potter's  wheel ;  but 
it  must  be  remembered  that  this  n^achbe  is  calculated  only 
for  cylindrical,  conical,  or  round  articles,  and  not  for  such  as 
are  of  an  oval  or  an  irregular  form.  All  such  are  made  in 
plaster  moulds,  which  divide  in  halves  for  the  convenience  of 
taking  out  the  ware  whenever  it  is  found  to  be  sufficiently  dry 
to  be  removed.  The  handles  of  cups  and  jugs  are  also  made 
in  moulds,  and  these  are  afterwards  put  on  the  vessels  for 
which  they  were  designed. 

The  consumption  of  sulphate  of  lime,  gypsum^  or  alabas- 
ter, (for  this  substance  is  known  by  these  various  names,)  is 
so  considerable  for  making  the  moulds  for  plates  and  dishes, 
that  in  the  course  of  the  year  many  tons  of  worn  out  moulds 
are  thrown  away  as  useless.  I  would  suggest,  that  these 
might  be  ground  and  used  as  manure,  instead  of  purchasing 
fresh  g3rpsum  for  that  purpose. 

As  the  plaster  moulds  absorb  water  with  avidity,  the  arti- 
cles which  are  made  in  them  dry  much  sooner  than  would 
Stnerally  be  imagined.  For  instance,  the  moulds  on  which 
e  common  table-plates  are  formed,  are  put  into  a  very  tem- 
perate stove  as  the  plates  are  made,  and  m  about  two  hours 
the  whole  will  be  dry  enough  to  be  removed  to  make  room 
for  a  fresh  parcel.  In  the  i^ual  way  of  conducting  a  manu- 
factory, every  mould  is  capable  of  taking  four  or  five  fresh 
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plates  in  the  course  of  a  day  of  twelve  hours.  The  plate- 
stove  is  generally  a  very  small  room  built  with  bricks,  and 
shelved  with  boards  from  the  floor  to  the  ceiling.  It  is  usual- 
ly heated  by  an  iron  pipe  which  passes  through  it» 

When  the  plates  are  removea  from  this  stove,  they  are 
taken  off  the  moulds,  and  pared  round  the  edges  with  a  small 
knife ;  and  when  they  have  been  slightly  polished  by  the 
hand,  they  are  laid  by  to  become  hard  enough  for  the  biscuit 
oven*. 

Prom  this  short  account  it  may  be  easily  conceived  that 
a  common-sized  pottery  must  require  a  great  deal  of  room, 
especially  as  every  article,  whether  made  by  the  wheel,  the 
lathe,  or  the  moulds,  must  be  spread  out  upon  shelves  to  dry : 
and  this  reminds  me  of  an  expedient  which  I  lately  observed 
at  the  works  of  an  ingenious  potter  in  Staffordshire,  and 
which  I  conceive  to  be  so  far  an  improvement  upon  the  old 
practice,  as  to  deserve  being  mentioned,  and  which  I  have 
the  •leave  of  the  proprietor  to  make  public. 

The  improvement  to  which  I  refer,  is  that  of  having  a 
chamber  shelved  entirely  round,  not  with  stones  or  boards  as 
is  usual,  but  with  shelves  of  prepared  plaster  made  as  smooth 
as  polished  marble,  and  of  the  thickness  of  an  inch  and  a 
half  each. 

Upon  these  plaster  shelves,  instead  of  those  of  wood  and 
stone  as  commonly  adopted  at  other  works,  the  goods  are 
placed  to  drv :  and  the  great  advantage  which  must  accrue 
to  the  manu/acturer  from  the  practice  is  very  obvious ;  for 
the  plaster  not  only  absorbs  the  water  sooner,  but  the  articles 
will  dry  more  regularly  and  uniformly  than  they  possibly  can 
when  placed  upon  substances  which  cannot  abstract  the 
water.  Being  persuaded  of  the.  utility  of  this  expedient,  I 
have  no  hesitaltion  iu  recommending  it  for  general  imitation. 
Moreover,,  wh^  may  not  the  floors  of  a  potter's  warehouses 
be  covered  with  plaster?  The  expense  would  be  very  in- 
considerable, and  then,  whenever  tnese  were  not  in  use  for 
storine  the  finished  ware,  they  might  be  advantageously  titn- 
ployed  in  hastening  the  drying  of  the  goods  newly  made. 

In  some  counties  it  is  usual  to  form  the  floors  of  cheese 
chambers  with  plaster,*  and  ■  I  have  been  told  that  the  cheese 
becomes  sooner  ripe  on  these  floors  than  on  others ;  though 
Mr  Twamley  directs  that  it  should  not  be  placed  on  plaster 
until  time  has  been  allowed  for  the  first  moisture  to  exude 

« 

and  evaporate.* 

«  Josiah  Twamley  On  Dairyings  8vo.  Warwick,  1784,  p.  100. 
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An  important  improvement  migkt  be  made  in  the  manufac- 
ture of  earthenware^  if  it  were  possible  to  contrive  an  expe-^ 
ditious  mode;  of  spreading  the  goods  out  so  as  they  might 
always  dry  gradually.  *  The  property  which  clay  has  of 
contracting  by  heat  or  by  drying  is  well  known,  and  the  ex- 
cellence of  earthenware  depends  in.  a  great  measure  on  its 
being  very  gradualb/  dried  before  it  be  exposed  to  the  kiln. 

When  the  articles  of  pottery  have  been  modelled  or  fash- 
ioned to  the  design  of  the  artist  by  anjr  of  the  foregoing 
methods,  and  have  been  partially  dried^  either  by  an  expo- 
sure to  the  action  of  the  atmosphere,  or  by  placing  them  for 
a  certain  time  in  stoves  or  drying  rooms  constructed  for  the 
purpose,  they  are  carried  to  the  potter's  oven,  where  they  are 
placed  in  deep  oval  boxes  made  of  fire  clay.  These  are 
called  s€ggars\  and  being  flat  at  bottom,  one  of  these  vessels 
fprms  a  cover  for  another,  so  that  the  workmen  are  enabled 
without  difliculty  to  place  them  in  piles  nearly-  to  the  top  of 
the  oven,  which  is  a  targe  buildmg  of  brick,  in  the  form  of  a 
cone,  and  very  similar  to  a  common  glass-house* 

When  the  oven  is  properly  filled,  heat  is  applied  by  means 
of  ignited  coal,  which  is  thrown  into  several  receptacles  built 
on  the  outside,  but  communicating,  by  means  of  flues,  with 
the  inner  part.  These  are  called  mouths ;  they  stand  about 
four  feet  in  height  from  the  eround,  and  project  about  three 
feet  from  the  sides  of  the  kiln. 

In  the  beginning  the  heat  is  kept  at  a  low  states  but  after 
a  lapse  of  twelve  hours  it  is  gradually  increased,  and  the  aug- 
mentation of  temperature  is  continued  until  the  kiln  and  its 
contents  acquire  the  proper  maximum.  ' 

An  attention  to  the  degree  of  baking  is  an  object  of  ex- 
treme importance.  Vauquelin  has  remarked  that  ^  the  heat 
should  be  such  as  to  expel  the  moisture,  and  agglutinate  the 
parts  which  enter  into  tne  composition  of  the  paste ;  but  in- 
capable of  effecting  the  fusion,  which,  if  too  far  advanced, 
will  render  the  ware  of  so  homogeneous  a  texture  as  to  be- 
come brittle."* 

It  has  been  found  that  alumina  loses  0.46  of  its  weight 
even  when  the  fire  is  not  urged  beyond  the  temperature  of 
ignition  for  silver ;  whence  it  appears  that  it  contains  nearly 
half  its  weight  of  water,  and  it  aoes  not  part  with  Uie  last  poiv 
tion  but  with  great  difficulty. 

-  - 

•  Vanqnelin'8  ReJUdumt  on  the  <lwUiUci  of  Pottery,  comnlaDitoated  to  thft 
Philomatliic  Society  at  Paris. 
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The  operation  of  burning  usually  lasts  two  days  and  two 
nights*  This,  however,  varies  in  the  different  charges ;  and 
the  fireman  judges  when  the  Vare  is  sufficiently  burnt,  by 
examining  the  trial  pieces  which  are  placed  in  those  parts  of 
the  oven  where  they  may  be  taken  out  with  ease,  and  without 
causing  any  diminution  of  the  heat. 

These  trial  pieces  are  made  of  the  common  red  clajr,  of  the 
Staffordshire  brick-makers.  It  is  found  in  the  Potteries,  and 
has  the  property  of  changing  its  colour  at  every  change  of 
temperature :  therefore,  by  comparing  one  of  these,  taken  out 
of  each  part  of  the  oven,  with  a  trial  piece  made  of  the'same 
kind  of  clay  and  properly  burnt^  and  which  is  kept  on  pur- 
pc^e  for  a  standard,  the  exact  state  of  the  ware  under  opera- 
tion may  at  any  time  be  exactly  known.    . 

{To  he  continued*) 


Abt.  XLIV.^- Account  cf  the  Discoveries  and  Experiments  of 
the  Swedish  Chemists  during  the  year  1825;  {^Brewster s 
Journal*'] 

1.  Professor  Berzelius^s  Discovery  of  Lithia.  m  Mineral  Waters. 

Professor  Berzeuus  has  been  occupied  with  the  examin- 
ation of  several  mineral  waters  from  jBohemia,  viz.  those  of 
the  Eger,  or  Franzensbad,  and  those  of  Marienbad.  These 
waters  .usere  found  to  contain  the  same  substances  which  this 
chemist  detected  in  those  of  Carlsbad,  the  analysis  of  which 
has  been  for  some  time  before  the  public,*  but  in  the  new 
analysis  he  has  found  also  lithia.  The  quantity  of  the  car- 
bonate of  the  alkali  is  verj  small,  particularly  in  the  waters 
of  Carlsbad,  and  in  that  of  Eger ;  but  the  waters  of  the  spring 
called  Kreuzbrunn,  at  Marienbad,  contain  as  much  as  a  cen- 
tigramme of  the  carbonate  of  lithia  in  every  bottle. 

The  following  is  M.  Berzelius's  method  c^  discovering  this 
alkali  in  any  solution.  He  precipitates  the  lime  by  means  of 
oxalate  of  potash,  and  afterwards  separates  the  magnesia  by 
carbonate  of  soda,  but  the  mixture  niust  be  evaporated  to 
dryness,  and  the  residue  fused ;  for  otherwise  some  of  the 
maenesia  would  be  easily  redissolved  in  the  form  of  a.  double 
carbonate  of  soda  and  magnesia.    The  mass  taken  up  by  the 

^  See  £difi.  Jmm,  of  Scioiee,  voL  ii.  p.  176,  Janmury,  1896. 
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water  and  filtered,  will  not  grre  any  farther  precipitation  even 
when  pure  phosphate  of  soda  is  added ;  but  if  it  contains 
lithia,  it  will-  become  turbid  during  the  evaporation,  which 
must  be  continued  till  the  matter  be  perfectly  dry.  It  is  next 
redissoived  in  a  very  small  quantity  of  cold  water,  which 
leaves  undissolved  a  double  phosphate  of  ^ad^  and  lithia, 
ecjuivalent  to  one-third  of  its  weight  of  carbonate  of  lithia. 
Tne  characters -which  distinguish  this  phosphate  from  the 
earthy  phosphates  with  which  it  mav  be  confounded,  ^re  as 
follows:  it  is  very  fusible  before  .the  blow-pipe.  When  melt- 
ed with  carbonate  of  soda,  it  enters  with  the  soda  into  the 
charcoal.  On  a  leaf  of  platina  the  melted  mixture  is  limpid. 
The  earthy  phosphates  remain  on  the  charcoal  while  the  soda 
penetrates  it,  and  do  not  give  a  limpid  mixture  when  they  are 
melted  on  a  leaf  of  platina.  With  twice  its  weight  of  carbo- 
nate of  lime,  it  fuses  at  a  red  heat,  without,  however,  attack- 
ing the  platina,  as  lithia  ordinarily  does ;  but  if  some  drops  of 
water  are  added  to  it,  and  afterwards  evoporated,  the  platina 
becomes  yellow  all  round  when  the.  mass  is  heated  anew. 

%  Profusw  Berzeliu»*s  *  Experimmi$t  on  the  Orange  Oas  ptth 
'ducedfrom  a  Mixture  of  Fluor-Spar  and  Chromate  of  Lead. 

As  the  English  and  French  Jommals  have  already  given  an 
account  of  Professor  Berzelius's  experiments  on  tne  different 
combinations  of  the  fluoric  acid  which  have  facilitated  the 
reduction  of  Silicium^  Zirconium^  and  Tantalum^  we  shall  not 
at  present  enter  upon  the  subject. 

A  German  chemist,  M.  Unverdorben,  has  published  some 
experiments  on  the  fluoric  acid,  the  most  curious  of  which 
was  that  in  which,  after  mixing  together  fluor-spar  and  chro- 
mate of  lead,  he  distilled  them  in  a  leaden  iretort,  with  fum- 
ing or  anhydrous  sulphuric  acid.  From  this  there  resulted  a 
gas,.which  could  not  be  collected,  because  it  destroyed  the 
glass.  This  gas  gave  a  very  thick  yellow  or  red  smoke.  It 
was  readily  aosorbed  in  water,  which  was  then  found  to  con- 
tain a  mixture  of  chromic  and  flouric  acids.  When  it  came 
in  contact  with  air,  the  gas  deposited  small  red  crystals, 
which  were  those  of  chromic  acid.  • 

Professor  Berzelius  repeated  these  experiments  of  M.  Un- 
verdorben, and  he  found  that  the  experiment  succeeded 
equally  well  with  common  concentrated'  sulphuric  acid.  He 
collected  the  gas  in  glass  flasks  covered*  with  melted  resin, 
and  filled  witn  mercury.    The  gas  had  a  red  colour.    H 
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gradually  attacks  the  resin,  deposits  chromic  acid  in  its  mass, 
and  penetrates  even  to  the  glass,  which  it  decomposes  with- 
out coange  of  volume,  the  chrome  being  replaced  by  silicium. 
Ammoniacal  gas  introduced  into  it  bums  i^th  explosion. 
Water  dissolves  it,  and  yields  an  orange-cqloured  fluid,  which, 
evaporated  to  dryness  m  a  platina  dish,  leaves  as  a  residue 

?ure  chromic  acid.    The  fluoric  acid  volatilizes  entirely, 
'his  method  is  at  present  the  only  one  which  gives  chromip 
acid  perfectly  pure* 

If  the  gas  is  received  in  a  platina  vessel  of  some  depth, 
whose  sides  have  been  slightly  wetted,  and  into  the  bottom  of 
which  the  gas  has  been  made  to  descend,  the  water  begins  to 
absorb  the  gas,  but,  bye  and  bye,  crystals  of  a  fine  red 
colour  are  seen  to  form  themselves  round  the  opening  of  the 
metallic  tube  which  conveys  the  gas,  and  in  a  short  time,  the 
vessel  is  filled  with  a  red  snow,  consisting  of  crystals  of 
chromic  acid.  The  fluoric  acid  dissipates  itself  in  vapour^ 
and  absorbs  entirely  tha  water  added  at  the  beginning  of  the 
ezperimei^t.  These  crystals  have  this  curious  property,  that^ 
when  they  are  heated  to  redness  in  a  platina  dish,  they  begin 
at  first  to  melt,  and  afterwards,  by  a  slight  explosion,  acoom^ 
panied  with  a  flash  of  light,  they  decompose  themselves  into 
oxygen  gas,  and  the  green  protoxide  of  chrome*  The  chro- 
mic aciid  which  has  been  dissdved  in  the  water  does  not  pre- 
sent this  phenomenon.  It  fuses  during  its  decoinposition,  but 
it  does  not  give  a  flash  of  light.  This  difference  does  not 
arise  from  itis  containii^  water,  for  it  is  perfectly  free  from  it 
when  it  is  heated  to  a  Uttle  above  100^  centigrade. 

M.  Unverdorben  had  already  observed,  that  crystals  of 
chromic  acid,  introduced  into  aoMnoniacal  gas,  are  decompos- 
ed with  a  flash  of  light.  The  ammonia  is.destroyed,  and  the 
aeid  leaves  the  protoxide  as  a  residue.  It  is  necessary  to 
make  these  experiments  quickly,  as  the  crystalized  acid  is 
deliquescent. 

In  distilling  chromate  of  lead  with  chloride  of  sodium,  we 
obtain  a  gas  similar  to  the  preceding,  and  which  contains 
chrome  combined  with  chlorine,  in  such  proportions^  that  the 
wat^,  by  its  decomposition,  gives  rise  to  the  formation  of  the 
hydrochloric  and  cnromic  acids.  •  The  gas  is  red,  and  may 
be  collected  over  mercury,  but  it  is  very  much  charged  with 
chlorine,  when  it  is  prepared  by  means  of  the  common  con- 
centrated sulphuric  acid,  whose  water  of  combination  destroys 
a  certain  quantity  of  the  gas. 
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3.  Account  of  Professor  Berzelius^s  Method  of  delecting  Arse* 
ntc  in  the  Bodies  of  Persons  poisoned* 

• 

Professor  Berzelius  Kas  lately  given  some  instructions  for 
the  discovery  of  arsenic  in  persons  that  have  been  poisoned 
with  it.  He  considers  the  reduction  of  arsenic  to  the  metallic 
state  as  the  only  inccntestihle  proof  of  the  presence  of  this  poison^ 
Arsenic  may  occur  in  two  ways,  viz.  when  it  is  found  m  sub- 
stance (in  the  state  of  airsenious  acid)  in  the  dead  body,  and 
when  it  is  not  found  in  this  state ;  though  the  intestines  of  the 
dead  body  may  contain  it  in  the  stat^  of  a  solution. 

In  the  first  of  these  cases,  it  is  easy  to  determine  the  pre- 
sence of  arsenic.  In  order  to  do  this,  take  a  piece  about 
three  inches  long  of  an  ordinary  barometer  tube,  and  having 
jdrawn  out  one  end  of  it,  into  a  much  narrower  tube,  close 
the  narrow  end.  Let  some  of  the  arsenic  found  in  the  body 
be  now  put  in  at  the  open  end,  so  that  it  may  fall  down  to  the 
closed  end.  Any  quantity  of  this  arsenic  of  suflScicnt  volume 
to  be  taken  from  the  body  will  suflBce  for  this  purpose.  The 
arsenic  being. at  the  end  of  the  tube,  a  little  .charcoal  is  let  fall 
upon  it,  after  it  has  been  freed  from  all  moisture  by  bringing 
it  to  a  red  heat  with  the  blow-pipe.  The  charcoal  is  then 
heated  in  the  tube  at  the  flame  of  a  spirit-lamp,  the  arsenic 
being  held  out  of  the  flame.  When  the  charcoal  is  very  red, 
the  point  containing  the  arsenic  is  drawn  into  the  flame.  The 
arsenic  is  then  instantly  volatilized,  and  passing  jnto  vapoor 
hj  the  red  charcoal,  it  is  reduced,  and  reappears  on  the  other 
side  of  the  flame  in  a  metallic  state.  The  flame  is  then 
brought  slowly  towards  the  metallic  sublimate,  which  is  thus 
concentrated  into  a  smaller  space  in  the  small  tube,  and  then 
presents  a  small  metallic  ring  shining  like  polished  steel.* 
We  have  now  orily  to  verify,  by  its  smell,  that  the  metallic 
sublimate  is  arsenic.  For  this  purpose,  cut  the  small  tube 
with  a  file  a  little  above  the  subhmate,  and  having  heated  the 
place  where  it  lies,  put  the  nose  above  it  at  a  small  distance, 
and  the  particular  odour  of  the  metal  will  be  immediately 
perceivea. 

.In  the  case  where  the  solid  arsenic  cannot  be  founds  we* 
must  collect  as  much  as  possible  of  the  contents  of  the  stom- 
ach and  the  intestines,  or  even  cut  the  stomach  in  pieces,  and 
mix  it  with  its  contents.    The  whole  is  then  to  be  digested 

*  Had  tbe  etperimeDt  been  made  in  the  wide  part  of  the  tnbe,  the  result 
would  scarcely  baya  been  ▼isible  with  a  small  qaantity  of  aneoic 
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wiib  a  soluiion  of  hydrate  of  potash.  Hydrochloric  acid  is 
then  added  in  excess.  The  whole  is  filtered,  and,  if  the  li- 
quid is  too  much  diluted,  it  is  concentrated  by  evaporation* 
A  current  of  sulphuretted  hydrogen  is  then  passed  through  it^ 
which  precipitates  the  arsenic  in  the  form  of  the  yellow  sul« 
phuret.  If  the  qnantity  of  arsenic  is  very  small,  the  liquid 
will  become  yellow  without  giving  a  precipitate*  It  must  then 
be  evaporated,  and,  in  proportion  as  the  hydrochloric  acid 
becomes  more  concentrated,  the  sulphuret  oi  arsenic  will  be- 
gin to  be  deposited.  It  is  then  filtered.  If  the  sulphuret  re- 
mainine;  on  the  filter  is  in  two  small  n  quantity  to  be  taken 
from  the  paper,  add  some  drops  of  caustic  ammonia,  which 
will  dissolve  it.  Then  put  the  liquid  which  passes  the  filter 
into  a  watch-glass,  aod  evaporate  it.  The  ammonia  will  be 
volatilized,  and  will  leave  as  a  residue  the  sulphuret  of  ar*" 
senic.  If  it  shall  still  be  difficult  to  collect  the  sulphuret,  we 
must  put  into  the  watch-glass  a  little  pulverized  nitrate  of  pot** 
ash,  and,  with  the  finger,  mix  the  sulphuret  with  the  nitrate  of 
potash,  which  detaches  it  from  the  glass.  At  the  bottom  of  a 
small  phial,  or  a  piece  of  dass  tube,  shut  at  one  end,  melt  a 
little  nitrate  of  potash  at  the  flame  of  a  spirit-lamp,  and  in-* 
troduce  into  it,  when  melted,  a  little  of  the  mixture  which 
contains  the  sulphuret  of  arsenic.  It  is  oxidized  with  efier^ 
v^scence,  but  without  fire,  or  detonation,  and  without  loss  of 
arsenic.  The  melted  salt  is  then  to  be  dissolved  in  water, 
and  lime  added  in  excess,  and  the  liquid  boiled.  The  arse 
niate  of  lime  will  then  be  deposited,  and  may  be  collected. 
When  dried,  it  is  mixed  with  charcoal,  and  then  brought  to  a 
i:ed  heat  by  the  blow-pipe,  and  a  small  quantity  of  this  mix- 
ture is  allowed  to  fall  to  the  small  end  of  the  above  tube.  It 
is  now  gradually  heated  to  expel  all  humidity  which  ends 
to  throw  it  into  the  wide  tube,^and  when  it  is  very  dry,  heat 
at  the  flame  of  the  blow-pipe,  the  part  of  the  tube  which  con- 
tains the  mixture.  The  arsenic  will  be  disengaged,  and  be 
sublimed,  at  a  distance  from  the  heated  part.  An  addition 
of  vitrified  boracic  acid  greatly  promotes  the  decomposition 
which  then  takes  place  at  a  less  elevated  temperature ;  but 
this  acid  frequently  contains  water,  and  produces  a  bubbling 
of  the  meltea  matter  which  raises  it  in  tne  tube,  and  causes 
the  vapours  to  issue  by  perforating  the  softened  part  of  the 
glass. 

M.  Berzelius  maintains  that  the  sixth  part  of  a  grain  of  sul" 
phuret  of  arsenic  is  sufficient  to  make  three  different  trials  ;  but 
ne  adds,  that,  when  we  have  discovered  only  very  small 
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traces  of  arsenic,  we  must  take  care  not  to  introduce  any  by 
itaeans  of  re-agents,  among  which,  both  the  sulphuric  and  the 
4iydrochloric  acid  may  contain  it.  The  first  aloiost  always 
•contains  some  arsenic  when  it  is  not  manufactured  from  voV 
xanic  sulphur,  and  the  second,  in  consequence  of  sulphuric 
iacid  being  used  in  the  preparation  of  the  hydrochloric  acid, 
yields  the  arsenic  which  it  contains  in  separating  it  froin 
%oda.  We  must,  therefore,  be  certain  of  the  purity  of  these 
T€-agents* 

When  death  has  been  caused  by  the  arsenic,  and  not  by 
the  arsenious  acid,  the  process  must  be  modified,  because  the 
talphui^tted  hydrogen  gas  decomposes  the  arsenic  acid  too 
'slowly.  In  this  'Case,  we  must  add  hydrosulphuret  of  ammo- 
'nia,  which  reduces  the  arsenic  acid  to  the  state  of  sulphuret, 
^hich  is  afterwards  precipitated  by  the  hydrochloric  acid.* 

4.  Professor  Berzelius^s  Researches  on  Molybdana* 

In  studjing  the  properties  of  molybdsena,  M.  Berzelius  has 
found  that  this  metal,  of  which  we  knew  only  the  purple  ox- 
ide, produced  by  drying  the  blue  oxide,  and  molybdic  acid, 
has  two  salifiable  oxides,  whose  saline  combinations  were  tifl 
"now  unknown.  The  deutoxide  may  be  procured  by  digest- 
ing a  mixture  of  molybdic  acid,  metallic  molybdaena,  and 
'Sulphuric  or  hydrochloric  acid,  till  the  colour  of  the  liquid 
'becomes  a  deep  red.  Instead  of  metallic  molybdsna,  we 
-may  substitute  metallic  copper.  The  red  liquid  gives  with 
ammonia,  a  rust-yellow  precipitate,  which  is  the  hydrate  of 
ibe  deutoxide  of  molybdasna.  This  hydrate  is  very  soluble 
m  water.  When  it  is  washed,  the  water,  after  having  remov- 
'ed  the  saline  substances,  which  caused  its  precipitation,  begins 
4o  dissolve  the  hydrate,  and  becomes  yellow.  It  at  last  j]is- 
•solves  it  entirely,  and  the  saturated  solution  is  red.  It  red- 
dens turnsol.  The  hydrate  dissolves  in  acids,  and  gives  sails, 
whose  solutions  are  red,  but  which,  when  evaporated  to  dry- 
tress,  are  almost  black. 

*  It  is  obvious  that  Bereelias  has  not  seen  Dr  Christison's  paper  on  (be 
''  Detection  of  minute  quantities  of  arsenic  in  mixed  floids."  These  gentle* 
•men  agree  in  precipitating  arsenious  acid  bj  sulphuretted  hydrogen,  so  as  to 
obtain  the  yellow  sulphuret ;  but  their  subsequent  methods  differ :  BerBelhia 
adopts  a  process  which  requires  all  the  dexterity  of  as  expert  a  chemist  as 
iilmself  tor  conducting  it  with  success.  Dr  Christison,  on  the  contiaiy, 
scrapes  the  sulphuret  from  the  filtre  with  a  knife,  which  may  be  done  thou^ 
a  very  minute  portion  of  it  is  present,  and  obtains  metallic  arsenic  at  once 
1)y  heating  it  with  black  flux.  iVe  refer  for  particulars  to  his  paper  in  the 
Edinburgh  Mtdical  and  Surgical  JoumtU, 
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The  jprotoxide  is  produced  when  we  macerate  the  solution 
of  a  salt,  with  a  base  of  the  deutoxide,  with  mercury,  and 
add,  from  time  to  time,  a  liquid  amalgam  of  potassium.  The 
colour  of  the  liquid  becomes  deeper,  and  ends  by  growing 
black.  Before  the  introduction  of  the  amalgam,  we  must  adp 
to  it  hydrochloric  acid,  in  order  to  prevent  a  part  of  the  deut- 
oxide  from  being  precipitated  before  its  entire  reduction  to 
the  protoxide.  Tne  black  solution  is  then  precipitated  by 
ammonia,  and  the  black  precipitate  is  the  hydrate  of  the 
protoxide,  which  must  be  well  washed,  and  then  dried  in 
vacuo.  The  hydrate  appears  then  under  the  form  of  a  jet 
black  powder.  When  neated  in  vacuo^  it  gives  out  slowly  its 
water,  and  afterwards,  at  a  temperature  which  approaches  ta 
that  of  brown-red,  it  takes  fire,  and  bums  with  scintillation. 
The  barometer  of  the  air-pump  is  not  afiected  by  this  phe- 
nomenon, which,  in  other  respects,  is  of  the  same  nature  aa 
that  which  is  observed  in  the  hydrate  of  the  peroxide  of  iron, 
and  the  protoxide  of  chrome,  and  of  zircon.  The  anhydrous 
protoxide  is  insoluble  in  acids.  When  heated  in  air,  it  takes 
fire,  and  burns  feebly,  producing  the  brown  oxide  of  molyb" 
d«na.  The  salts  of  this  oxide  are  black,  and  their  dilute 
solutions  have  a  compound  colour  of  green,  black,  and  brown, 
though  sometimes  they  assume  a  fine  purple  colour.  The 
fluate  of  the  protoxide,  for  example,  is  a  very  fine  purple, 
and  the  double  fluates  with  potash,  soda,  and  ammonia,  are  of 
a  rose  red  colour. 

In  order  to  form  the  protoxide  of  molybdsena,  we  may 
make  use  of  zinc  in  place  of  the  amalgam  of  potassium,  but 
the  protoxide  then  retains  the  oxide  of  zinc  io  a  very  obsti- 
nate manner. 

What  is  called  molybdous  acid,  that  is  to  say,  the  blue 
oxide  of  molybdflBna,  is  not  a  particular  acid.  It  cannot  be 
combined  with  alkalis,  which,  on  the  contrary,  decompose  it, 
by  precipitating  the  hydrate  of  the  yellow  oxide,  and  combJn-' 
ing  with  the  molybdic  acid.  It  may  be  produced  most  readi- 
ly in  dissolving  the  bimolybdate  of  ammonia,  and  adding  to 
it  a  solution  of  a  salt  with  a  base  of  the  deutoxide.  It  pro- 
duces a  precipitate  of  a  fine  deep  blue,  which  is  very  soluble 
in  water,  and  is  only  deposited  because  the  water  contain^ 
salts.  We  may  wash  it  with  a  solution  of  sal  ammoniac, 
afterwards  removinff  the  salt  by  a  Uttle  cold  water.  It  gives 
-vfitb  warm  water  a  blue  solution,  highly  saturated,  which  may 
be  easily  preserved  at  the  ordinary  temperature  of  the  atmo- 
sphere.  In  the  dry  form  it  resembles  indigo,  and  retains  its 
solubility  in  water. 
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Professor  Berzelius  has  found,  that  the  deutoxide  of  moljb- 
dsBna  is  composed  of  one  atom  of  molybdaena,  and  two  atoms 
of  oxygen.  The  molybdic  acid  contains  three  atoms.  The  blue 
oxide  is  a  bimolybdate  of  the  deutoxide  of  molybdsena,  that  is 

Mo  +  J^o.  "There  is  slill  another  combination  between  the 
oxide  and  the  acid  which  is  produced  when  the  blue  liquid  is 
digested  with  metallic  molybdaena.  It  is  green,  equally  solu- 
ble in  water,  and  precipitable  in  sal  ammoniac.     M.  Berze- 

Uus  supposes  its  composition  to  be  Mo  -^-  2  Mo*  Tungstic 
acid  likewise  combines  with  the  deutoxide  of  molybdasna, 
and  the  combination  is  very  soluble  in  water,  and  of  a  superb 
purple  colour.     It  is  also  precipitated  by  sal  ammoniac. 

The  molybdic  acid  performs  the  part  of  a  base  towards 
the  stronger  acids.  M.  Berzelius  has  examined  them  in  this 
point  of  view,  and  has  described  some  of  the  salts  which  it 
forms. 

M»  Berzelius  has  discovered  a  new  sulphuret  of  molybdas- 
na,  proportional  to  the  molybdic  acid.  It  is  of  a  ruby  colour, 
transparent  and  crystallized.  It  combines  with  the  metallic 
protosulphurets,  and  forms  with  them  particular  salts,  of 
which  a  great  number  are  soluble  in  water. 

Alolybdaena  combines  with  chlorine  in  three  proportions. 
The  first  is  red,  and  a  little  volatile.  The  second  is  black, 
very  fusible,  very  volatile,  and  crystallizes  in  a  black  mass, 
of  a  brilliant  colour,  like  iodine,  which  it  resembles  even  in 
the  colour  of  its  gas,  which,  however,  is  more  red  than  violet. 
The  third  is  colourless,  and  crystallizes  in  scales.  These 
three  chlorides  correspond  to  the  muriates  of  the  protoxide, 
of  the  deutoxide,  and  of  the  peroxide,  that  is  to  say,  of  the 
acid.  Iodine  does  not  combine  in  the  dry  way  with  molyb- 
dasna,  but  the  hydriodic  acid  dissolves  the  protoxide  and  the 
deutoxide.  The  molybdic  acid  decomposes  it,  and  separates 
the  iodine  from  it. 

The  best  method  of  obtaining  molybdaena,  in  some  quanti- 
ty, is  to  heat  the  molybdic  acid  in  a  porcelain  tube.  When 
this  tube  is  heated  to  redness,  there  is  introduced  into  it  a 
current  of  hydrogen  gas,  which  is  continued  as  long  as  it 
produces  water* 

5.  M.  Setterherg^s  Essperimenis  on  the  Sulphurets  of  CobalU 

M.  Setterberg  has  found  that  the  deutoxide  of  cobalt 
deconipuses  sulphuretted  hydrogen  gas  when  cold.  The 
sulphuret  thus  produced  contains  three  atoms  of  sulphur* 
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Hydrochloric  acid  dissolves  some  of  the  cobalt  in  it,  and 
leaves  another  sulphuret  of  cobalt  in  the  form  of  a  black 
powder,  which  contains  your  atoms  of  sulphur  for  one  atom  of 
metal. 

6.  M*  Mosander  on  the  Precipiiation  of  Magnesia  by  Carbonate 

of  Soda. 

During  the  analysis  of  a  new  species  of  noble  serpentine, 
M.  Mosander  made  an  observation  which  merits  the  atten- 
tion of  chemists  wiio  are  occupied  with  the  analysis  of  mine- 
rals. He  reiiiarked,  that  when  the  carbonate  of  soda  is  used 
to  precipitate  magnesia,  the  precipitate  contains  a  double  car- 
bonate of  soda  and  magnesia ;  that  the  alkali  cannot  be  re- 
moved from  it  by  edulcoration  with  water,  and  that  the  wash- 
ings always  contain  magnesia.  It  is  necessary,  therefore,  to 
evaporate  the  alkaline  liquid  to  dryness,  and  melt  the  salt  to 
render  the  magnesia  caustic.  As  carbonate  of  potash  is 
commonly  used  for  this  operation,  there  is  no  risk  of  being 
exposed  to  this  inconvenience ;  but  it  is  evident,  that  when- 
ever the  liquid  contains  a  salt  with  a  base  of  soda,  even 
though  potash  is  used  to  precipitate  the  magnesia,  the  double 
carbonate  of  soda  and  magnesia  ought  to  be  precipitated. 

7.  M*  Mosander* s  Analysis  of  the  Oxides  of  Iron^  formed  by 

continued  Heat* 

It  is  well  known  that  M.  Berthier  analyzed  the  cinder 
which  is  formed  on  pieces  of  iron  intended  for  being  laminat- 
ed to  form  iron*plate,  and  that  he  considered  it  as  a  new  de- 
gree of  oxidation  of  iron,  which  contained  1  j^  as  much  oxy- 
gen as  the  protoxide.  M.  Berzelius  kept  a  piece  of  iron 
intended  for  iron-plate,  forty-eight  hours  in  a  furnace.  The 
oxidated  crust  was  two  lines  thick,  and  exhibited,  what  M. 
Berthier  has  also  observed,  two  distinct  layers.  M.  Mosan- 
der undertook  the  analysis  and  examination  of  it.  It  was  at 
first  evident,  that  M.  Berthier  had  analyzed  together  two  dis* 
tinct  substances.  The  interior  layer  is  more  black  than  the 
other,  has  a  grained  fracture  oi  little  lustre,  and  is  very 
slightly  magnetic.  The  exterior  layer  has  a  brilliant  metallic 
lustre,  a  bright  and  shining  fracture,  and  a  grey  metallic  cot 
our,  and,  what  is  very  remarkable,  has  a  powerful  action  on 
tbe  magnetic  needle. 


470  Dr  Fkmmg  on  Hu  Gtolofffial  Deluge* 

M.  Mo$ander  found  that  the  layers  consisted  of 

Inner  tayer.     Atoms.     Oater  Layef. 
Peroxide  of  Iron,  S7  1  96 

Protoxide  of  Iron,  73  3  64 

The  formula  for  the  first  is  Fe  -[-  3  Fe*    The  analysis  of  the 
outer  layer  is  the  same  as  M.  Berthier  had  obtained  for  the 

two  layers  mixed  together.     This  approached  to  i^e  +  3  Fe. 

But,  as  on  this  occasion,  the  oxidated  layer  was  supplied 
with  oxygen  from  the  outer  layer,  and  with  iron  from  the  in- 
terior layer,  it  may  be  supposed  that  there  was  an  insensible 
gradation  from  the  most  oxidated  to  the  least  oxidated  side, 

M.  Mosander  was  thus  led  to  analyze  different  zones  of  the 
two  layers ;  and  he  found  that  at  the  exterior  layer  this  was 
actually  the  arrangement.  The  external  surface  consisted  of 
the  rea  oxide,  quite  pure ;  below  this  was  the  ordinary  mag* 
netic  oxide  {oxidumferrosoferricum  of  Berzelius),  and  larther 
in  the  quantity  of  protoxide  gradually  increased  to  the  com* 
mencement  of  the  interior  layer,  which  he  found  homoge- 
neous throughout.  It  appears,  then,  to  be  determined  oy 
these  experiments,  that  we  haye  two  combinations  of  the  pe- 
roxide of  iron  with  the  protoxide,  that  is,  the  magnetic  oxide 

Fe  +  A,  and  the  less  magnetic  one  which  forms  the  inner 
layer  of  the  oxidated  crusts  produced  upon  metallic  iron  by 

heat,  Fe  +  S  Fe. 


Art.  XLV.— 7%c  Geological  Dehge^  as  intetpreted  by  Baron 
Cutter  and  Professor  Buckland^  inconsistent  loith  the  Teffmony 
of  Moses  and  the  Phenomena  of  Nature.     By  the  Rey.  Johh 

[  Flemiko,  D.  D.,  F.  R.  S.  E.— £din.  Phil.  Jour.] 

The  science  of  Geology  was  first  introduced  to  public  no- 
tice, in  this  country,  by  philosophers  who,  while  they  cherish- 
ed a  reverential  regard  for  the  authority  of  the  Scriptures, 
overlooked  those  methods  of  investigation  which  lead  to  a 
discovery  of  the  laws  of  nature.  Assuming  that  the  first 
principles  of  eeology  were  revealed  to  Moses,  and  communi- 
cated in  the  cook  of  Genesis,  they  were  satisfied  with  a  com- 
parison of  the  scanty  notices  there  given  of  the  history  of 
the  earth  with  the  phenomena  presented  by  its  surface,  even 
when  the  character  and  relation  of  these  phenomena  remained 
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in  a  state  of  comparative  obscurity.  The  ortrinal  condition  of 
the  materials  with  which  the  Creator  formed  this  globe,  long 
occupied  the  attention  of  those  early  cosmogonists ;  and,  as  the 
history  of  Moses  was  too  meagre  in  its  details  to  serve  their 
purposrO,  and  the  earth  failed  to  exhibit  the  suitable  doco- 
ments,  the  imagination  was  called  upon  to  supply  that  which 
neither  the  words  nor  the  works  of  the  Deity  furnished. 
These  reveries,  however,  usually  termed  Theories  of  the 
Earth,  do  not  call  for  anv  comment  at  present. 

The  cause  by  which  tm  deluge  was  produced,  and  the 
changes  which  it  affected  on  the  appearance  of  the  globe,  oc- 
cupied the  second  place  in  the  estimation  of  these  geologists. 
Here,  again,  the  details  of  Revelation  were  so  deficient  as  to 
iead  some  to  suppose  that  our  copy  of  the  Book  of  Genesis 
was  more  abridged  than  the  one  possessed  by  the  ancient 
Jews.--(Kirwan^  Crtol.  Es.  48.)  The  surface  of  the  Earth 
was  hastily  looked  at  for  proofs  of  the  effects  of  this  catas- 
trophe ;  and  again  imagination  supplied  that  which  observa- 
tion could  not  yield.  Burnet  brouffbt  the  waters  from  below, 
through  the  broken  crust  with  which  he  fancied  they  had 
been  covered  during  the  antediluvian  period,  and  with  the 
fragments  of  this  crust  be  formed  the  mountains.  Woodward 
suspended,  for  a  time,  all  cohesion  among  the  particles  of 
earth,  and  reduced  the  globe  to  a  soft  paste  ;  while  Whiston, 
not  inferior  in  fancy  to  any  of  his  predecessors,  called  a 
comet  to  his  aid. 

While  philosophers  were  thus  claiming  the  attention  of  the 
public  in  favour  of  their  efforts  to  roconcile  geology  with 
revelation,  they  were  powerfully  assisted  by  individuals  of 
another  description.  The  **  Place  of  Descent  ^  where  the 
**  Ark  "  rested,  had  lone  been  regarded  as  determined ;  re- 
mains of  the  timber  had  been  preserved ;  and  many  pieces 
of  the  bitumen,  with  which  it  was  caulked,  had  been  carried 
off  to  be  employed  as  amulets  for  averting  mischief.  The 
skeletons  of  the  antediluvian  inhabitants  were  eagerly  sought 
after ;  and  the  Continent  of  Europe  seemed  to  furnish  the 
expected  documents :  even  the  grinders  and  thigh-bones  of 
the  antediluvian  giants  were  disinterred  from  those  graves 
which  for  so  many  ages  they  had  occupied. 

As  science  advanced,  these  theories  of  the  deluge  appeared 
in  their  true  light ;  as  unsupported  by  the  statements  in  Scrip- 
ture, and  as  inconsistent  with  the  phenomena  of  nature.  The 
skeleton  of  the  antediluvian  man  became  that  of  an  acknowl- 
edged reptile;  while  the  grinders  and  thigh-bones  of  the 
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giants  were  admitted  to  belong  to  elephants.  The  fi;eoIogi^ 
beheld  his  theories  vanish  like  a  dream,  and  the  adinirer  of 
revelation  felt  (though  very  unnecessarily)  as  if  a  pillar  of 
his  faith  had  become  a  broken  reed.  Geology,  by  these 
premature  attempts  at  generalization,  fell  into  discredit  as  a 
science  among  philosophers,  and  by  the  christian  it  was  view- 
ed with  suspicion.  The  former  had  witnessed  opinions  and 
assertions  substituted  for  facts ;  and  the  latter  had  reaped  the 
fruits  of  misplaced  confidence.  The  friend  of  revelation  had 
begun  to  consider  the  history  of#thc  doluge  as  the  least  per- 
fect of  those  records  which  Moses  has  transmitted,  since  no 
proofs  could  be  found  in  nature  to  attest  the  occurrence  of  the 
catastrophe.  Need  we  be  surprised,  therefore,  that  a  con- 
siderable degree  of  anxiety  should  prevail  on  this  subject, 
with  the  religious  public,  and  that  any  fresh  attempt  to  revive 
their  hopes  would  meet  with  a  cordial,  I  had  almost  said  a 
credulous,  welcome  7  The  truth  of  this  view  has  been  put  to 
the  test. 

Baron  Cuvier,  so  deservedly  celebrated  as  a  comparative 
anatomist,  having  devoted  much  labour  to  the  investigation  of 
fossil  bones,  naturally  directed  some  portion  of  his  attention 
to  those  collateral  subjects  which  might  serve  to  illustrate 
their  history.  In  the  preliminary  discourse  to  his  great  work 
on  ^^  Fossil  Bones,''  he  announced  the  important  results  to 
which  his  labours,  reading,  and  reflection  had  conducted  him. 
This  discourse  was  published  in  Edinburgh,  in  1813,  under 
the  title  of  '^  Cuvier's  Theory  of  the  Earth."  It  has  gone 
through  several  editions,  and  still  continues  to  be  a  favourite 
with  the  public.  It  has  contributed,  in  a  very  great  degree, 
to  render  the  study  of  geology  popular  in  this  country.  How 
far  the  explanations  which  it  offers  of  the  phenomena  of  na- 
ture are  true,  and  how  far  they  are  consistent  with  the  sacred 
writings,  will  afterwards  be  considered. 

The  Reverend  William  Buckland,  while  Professor  of 
Mineralogy  in  Oxford,  appears  to  have  embraced  Baron 
Cuvier's  views  respecting  the  deluge;  and,  under  their  influ- 
ence, distributed  the  modern  strata  (exclusive  of  the  volcanic) 
into  Postdiluvian  detritus  and  Diluvian  detritus. — {PUL  Geo. 
England  and  Wales^  1818.)  In  his  "Inaugural  Lecture," 
which  was  delivered  May  15,  1819,  before  the  University  of 
Oxford,  on  the  endowment  of  a  readership  in  geology,  he 
selected  for  the  title,  "  Vindiciae  Geologicae ;  or  the  Con- 
nexion of  Geology  with  Revelation  explained : "  and  stated  in 
the  dedication,  "  that  the  facts  developed  by  it  (geology)  are 
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consistent  with  the  accounts  of  the  creation  and  deluge  re« 
corded  in  the  Mosaic  writing.''  In  his  subsequent  inquiries, 
this  learned  and  indefatigable  Professor,  who  has  contributed 
so  much  to  exalt  the  geological  character  of  England,  has  not 
enl^  investigated  the  history  of  those  beds  of  gravel  and  clay 
which  contain  .fossil  bones,  but  has  successfully  explored 
many  caves  which  he  considers  as  having  been  the  dent  of 
antediluvian  animals.  The  results  of  these  inquiries  he  has 
published  in  his  ^  Reliquiae  Diluvianse,''  in  which  he  considers 
g^Iogy  as  ^^attestiK  the  action  of  an  universal  deluge.'' 
This  work,  like  the  ^Theory ''  of  Cuvier,  has  greatly  contri- 
buted to  render  the  science  of  geology  popular,  bv  bringing 
it  into  favour  with  the  Church,  and  even  securing  tne  counte- 
nance of  the  drawing<iroom.  The. general  reader  has  been 
charmed  with  the  novel  scenes  which  it  discloses,  while  the 
christian  has  hailed  it  with  joy,  as  offering  a  valuable  testimo* 
nial  to  the  authority  of  revelation. 

To  my  ^  Remarks  illustrative  of  the  influence  of  Society 
on  the  Distribution  of  British  Animals,''  inserted  in  No.  XXIi. 
of  this  Journal,  Professor  Buckland  has  conceived  it  neces- 
sary to  make  a  ^  Reply,"  which  has  a  place  in  No.  XXIV* 
In  this  communication,  he  continues  to  advocate  the  opinions 
which  he  had  advanced  in  the  ^  Reliquiae  Diluvianse,"  and 
attempts  to  obviate  some  of  the  objections  which  had  been, 
incidentally,  stated  against  them. 

In  an  inquiry  of  this  kind,  regarded  as  highly  interesting 
to  the  philosopher  and  the  christian,  it  seems  requisite  to  ex«> 
ercise  extreme  caution.  The  fate  of  former  theories  in  geol- 
ogy, which  professed  to  explain  the  phenomena  of  nature, 
and  to  strengthen  the  authority  of  revelation,  but  which  in- 
quiry demonstrated  to  be  visionary,  intimates  the  risk  of  er- 
ror, and  calls  for  a  minute  examination  of  the  value  of  the 
proofs  adduced.  I  enter  upon  this  inquiry  as  one  deeply 
interested  in  the  authority  of  revelation,  and  not  indifferent 
to  the  progress  of  geological  science.  My  re:iiarks  may  not 
appear  convincing,  but  they  may  excite  that  inquiry  and  dis- 
cussion which  lead  to  truth.  It  is  impossible,  however,  in  a 
paper  of  this  kind,  to  enter  into  all  the  details  which  the  gen- 
eral reader  would  probably  desire.  The  outlines  only  of  the 
subject  can  be  noticed. 

In  reference  to  this  important  subject,  two  questions  natu- 
rally occur  to  the  mind :  1.  Does  the  character  of  any  of  the 
members  of  the  modern  strata  demonstrate  the  occurrence 
of  a  universal  flood,  as  exclusively  the  agent  in  their  fonna- 
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similar  opinion  with  less  hesitation :  ^  The  circumstances  of 
their  character  clearly  evince,  that  they  also  have  escaped 
from  the  last  grand  catastrophe,  perhaps  .by  another  roate 
than  the  races  of  the  Caucasian  and  Altaic  chains,  frcMn 
trhooi  perhaps,  they  may  have  been  long  separated  before 
the  epoch  of  that  catastrophe."  On  the  supposition  that  the 
diflTerent  races  of  men  were  derived  from  a  common  stock,  an 
idea  sanctioned  by  revelation,  supported  by  the  truths  of  zoo- 
logy, and  tacitly  admitted  by  our  author,  it  seems  difficuk  to 
discover  any  proof  of  their  separation  having  been  antedihi- 
vian.  According  to  Moses,  all  that  escaped  of  the  human 
race,  were  eight  individuals  of  the  family  of  Noah.  Here, 
then,  we  have  the  chancter  of  the  geological  deluge,  in  refer- 
ence to  the  human  race,  as  interpreted  by  Baron  Cuvier, 
standing  opposed  to  the  history  of  the  deluge  as  given  by 
Moses,  and  that,  too,  in  its  most  important  feature. 

2.  The  geological  deluge,  as  interpreted  by  Baron  Cuvier 
and  Professor  Buckland,  occasioned  the  destruction  of  all  the 
individuals  of  many  species  of  quadrupeds*  As  examples  of 
those  which  have  thus  suffered  extinction,  may  be  quoted, 
the  fossil  elephant,  fossil  hippopotamus,  fossil  rhmoceros,  fos- 
sil bear,  and  fossil  hysna,  besides  many  others.  These  have 
been,  somewhat  presumptuously,  termed  antediluvian  aki- 
MALs.*    In  the  history  ol  the  ISoachian  deluge,  as  given  by 

*  Id  my  first  paper,  in  No.  iiii.  of  this  Joarnal,  I  have  stated  that  the 
relics  of  these  ancient  animals  occur  in  jpostdilavian  strata.  The  learned 
Professor  in  his  *'  Reply,'*  first  declares,  **  That,  could  (he  above  cases  be  es- 
tablished, they  would  he  decisive  in  favour  of  the  theory  maintained  by  Dr 
Fleming  ;"  and  shortly  after  adds,  that,  '*  Even  admitting  all  those  facts,  still 
every  atom  of  the  evidence  contained  in  my  Reli4{nl»  bilnviaose  would  re- 
main unaffected  by  the  .discovery,"  I  attempt  not  to  reconcile  such  apptf- 
ent  contradictions.  Perhaps  it  may  be  judged  reasonable  to  allow  an  adver- 
sary, when  hard  pushed,  to  shift  his  position,  even  though  it  put  the  pursuer 
to  more  trouble.  With  reference  to  the  Rhinoceros  horn  from  Forfar,  about 
which  Professor  Buckland  is  unnecessarily  prolix,  I  may  state,  that  I  relied 
on  the  authority  of  Professor  Jameson,  in  the  Wern.  Mem.  iv  p.  682 ;  and 
having  seen  the  horn  labelled,  as  from  Forfar,  in  the  Edinburgh  Museum,  of 
of  which  he  is  Regius  Keeper,  I  still  consider  the  statement  of  Professor 
Jameson  to  be  substantially  true,  and  the  one  given  by  my  opponent  as  quite 
the  reverse.  The  bottom  of  the  horn  attests  its  origin, — the  numerous  rents 
and  their  marly  contents.  The  Blair-Drummond  example  I  quoted  from  the 
same  authority.  It  is  singular,  that,  in  the  same  number  of  the  Joomal  in 
which  this  case  is  likewise  treated  as  spurious,  and  in  the  Proceedincs  of  the 
M  ernerian  Society,  I  found  "  Notices  regarding  the  Rhinoceros  Horns  of 
Blair- Dram mond,  tending  to  shew  that  they  may  probably  be  regarded  as 
having  occurred  in  the  blue  clay  of  that  district;  by. Mr  A.  B.  Blackadder, 
Allan  Park,**  p.  401.  As  Professor  Buckland  has  admiUed.in  his  ^'Replj^/' 
my  6r8t  example  of  exiinel  animals  being  pottdHwoittny  I  have  got  quite 
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Moses,  it  is  expressly  stated,  that  clean  and  unclean  beasts^ 
fowk  after  their  kind,  cattle  after  their  kind,  and  every  creep 
ing  thing  of  the  earth,  two  of  every  sort,  male  and  female, 
vere  taken  into  the  ark,  preserved  in  the  aric,  and  brought 
forth  in  safety  from  the  ark,  and  dismissed  with  the  mandate 
of  their  Creator  to  breed  abundantly  on  the  earth,  and  to  be 
fruitful  and  multiply  upon  the  earth.  Here,  then,  we  have 
revelation,  declaring  that,  of  all  species  of  quadrupeds  a  male 
and  female  were  spared  and  preserved  during  the  deluge ; 
while  we  have  the  phenomena  of  nature,  as  interpreted  by 
the  geologists  we  have  quoted,  intimating  that  all  the  mdioidu^ 
ab,  of  many  species,  were  not  spared,  not  preserved,  but  annt- 
hilated,  by  the  catastrophe.  An  error  must  exist  in-  one  of 
these  statements.  The  declaration  of  Moses  is  positive.  The 
phenomena  of  nature  may  not  have  been  suitably  investigated* 
Shall  we  reject  then,  the  conclusions  of  the  geologist,  and  re* 
spect  the  authority  of  Moses,  or  give  the  preference  to  Cu- 
vier  and  Buckland  ? 

3.  According  to  Baron  Cdvier,  ^  this  revolution  had  buried 
all  the  other  countries  which  were  before  inhabited  by  men, 
and  by  the  other  animals  that  are  now  best  known ;  and  the 
same  revolution  had  iaid  dry  the  bed  of  the  last  ocean,  which 
now  forms  all  the  countries  at  present  inhabited.'^  (Theory, 
p.  171.)  Moses  expressly  tells  us,  that  the  flood  of  waters 
was  upon  the  earth,  prevailing  exceedingly  upon  the  earth, 
and  covering  the  highest  hills ;  that  the  waters  returned  from 
off  the  earth.  Here,  again,  we  have  the  opinion  of  Cuvier, 
in  direct  opposition  to  the  whole  tenor  of  the  history  of  the 
Noachian  deluge.  Nor  need  we  be  surprised  at  this,  since  he 
seems  to  be  in  opposition  to  himself.  At  one  time  he  sup- 
poses, that  the  innundation  did  not  reach  to  the  summits  of 
the  higher  mountain  chains ;  and  that  Mongols,  Caucasians, 
and  Kegroes  may  have  escaped  by  different  sides,  or  by  dif- 
ferent routes ;  at  another,  tfiat  the  bed  of  the  antediluvian 
ocean  is  now  the  abode  of  the  postnliluvian  quadrupeds. 

4.  The  geological  deluge,  as  interpreted  by  Professor 
Buckland,  was  sudden,  transient,  universal,  simultaneous, 
rushing  with  an  overwhelming  impetuosity,  infinitely  more 
powerful  than  the  most  violent  waterspouts.  In  the  history 
of  the  Noachian  deluge  by  Moses,  there  is  not  a  term  employ- 


enoo^h  to  establish  my  views.  The  acknowledged  postdiluvian  character  of 
the  gigantic  eik  is  as  decisive  as  any  horn  of  a  rhinoceros  in  a  marl  bed,  or 
carcaae  of  a  mammoth  in  a  postdiluvian  icebei^. 
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ed  which  indicates  anj  one  of  the  characters,  except  uniyef* 
salitj,  attributed  to  the  geoloaical  deluge*  On  the  contrary, 
the  flood  neither  Approached  nor  retired  suddenly.  The 
waters  rose  upon  the  earth,  during  the  continuance  of  the 
rain,  for  forty  days ;  and  they  retired  slowly,  upon  the  rain 
being  restrained.  There  is  no  notice  taken  of  the  furious 
movements  of  the  waters,  which  must  have  driven  the  ark 
violently  to  and  fro.  On  the  contrary  there  is  reason  to  be« 
lieve  from  the  writrngs  of  Moses  that  the  ark  had  not  drifted 
far  from  the  spot  where  it  was  at  first  lifted  up,  and  that  it 
grounded  at  no  great  distance  from  the  same  spot. 

5.  The  geological  deluge,  as  interpreted  by  Professor 
Buckland,  excavated,  in  its  fury,  deep  valleys,  tearing  tip 
portions  of  the  solid  rock,  and  transporting  to  a  distance  the 
wreck  which  it  had  produced.  On  this  supposition^  the  as- 
pect of  the  antediluvian  world  must  have  been  widely  differ- 
ent from  the  present ;  lakes,  and  valleys,  and  seas,  now  exist- 
ing in  places  formerlv  occupied  by  rocks,  and  the  courses  of 
rivers  greatly  altered.  In  the  Book  of  Genesis  there  is  no 
such  change  hinted  at  On  the  contrary,  the  countries  and 
rivers  which  existed  before  the  flood  do  not  appear,  frofkn  any 
thing  said  in  the  Scriptures,  to  have  experienced  any  change 
in  consequence  of  that  event.  But  if  the  supposed  impetuous 
torrent  excavated  valleys,  and  transported  masses  of  rocks  to 
a  distance  from  their  original  repositories,  then  must  the  soil 
have  been  swept  from  off  the  earth,  to  the  destruction  of  the 
vegetable  tribes.  Moses  does  not  record  such  ^n  occurrence. 
On  the  contrary,  in  his  history  of  the  dove  and  the  olive-leaf 

1>lncked  off,  he  furnishes  a  proof  that  the  flood  was  not  so  vio- 
ent  in  its  motions  as  to  disturb  the  soil,  nor  to  overturn  the 
trees  which  it  supported;  nor  was  the  ground  rendered  by 
the  catastrophe  unfit  for  the  cultivation  of  the  vine. 

Viewing,  in  connexion,  these  differences  between  the  Mo* 
saic  history  and  th^se  interpreters  of  the  phenomena  of 
nature,  it  seems  Impossible  to  admit,  that,  ^^  as  far  as  it  goes, 
the  Mosaic  account  is  in  perfect  harmony  with  the  discoveries 
of  modem  science."  The  reverse  appears  rather  to  be  the 
case.  .It  is  well  known,  that  Linnaeus  declared  that  he  saw 
no  examples  in  nature  of  the  ravages  of  a  universal  flood :. 
"'  CcUaclysmi  universalis  certa  rudera  ego  nondum  attigi, 
quousque  penetravi;  minus  etiam  veram  terram  Adamiticam ; 
sed  ubique  vidi  factas  ex  sequore  terras,  et  in  his  mera  rwUra 
longincjue  sensim  prseterlapsi  aevi,'^  (Svst.  Nat.  iii.  5. ;)  and 
this  opmion  has  given  offence  to  several  well  disposed  friends 
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of  revelation,  who  have,  nevertheless,  formed  their  notions  of 
the  deluge  from  the  speculations  of  geologists,  instead  of  the 
records  of  Scripture.  I  confess  that  1  entertain  the  same 
opinion  as  Linnseus  on  this  subject ;  nor  do  I  feel,  though  a 
clergyman,  the  slightest  reason  to  conceal  my  sentiments, 
though  they  are  opposed  to  the  prejudices  which  a  false  phi- 
losophy has  generated  in  the  public  mind*  I  have  formed 
my  notions  of  ihe  Noachian  deluge,  not  from  Ovid,  but  from 
the  Bible.  There  the  simple  narrative  of  Moses  permits  me 
to  believe,  that  the  waters  rose  upon  the  earth  by  degrees, 
and  returned  by  degrees ;  that  means  were  employed  by  the 
Author  of  the  calaniity  to  preserve  pairs  of  the  land  animals ; 
that  the  flood  exhibited  no  violent  impetuosity,  neither  dis- 
placing the  soil,  nor  the  vegetable  tribes  which  it  supported, 
por  rendering  the  ground  unfit  for  the  cultivation  of  the  vine« 
With  this  conviction  in  my  mind,  1  am  not  prepared  to  wit- 
ness m  nature  any  remaining  marks  of  the  catastrophe,  and  I 
feel  my  respect  for  the  authority  of  revelation  heightened, 
when  1  see  on  the  present  surface  no  memorials  of  the  event. 
On  the  other  hand,  had  I  witnessed  every  valley  and  gravel- 
bed,  nay,  every  fossil  bone,  attesting  the  ravages  of  the 
dreadful  scene,  1  woald  have  been  puzzled  to  account  for  the 
unexpected  difficulties;  and  might  have  been  induced  to  ques- 
tion the  accuracy  of  Moses  as  an  historian,  or  the  claims  of 
the  Book  of  Grenesis  to  occupy  its  present  place  in  the  sacred 
record.  Instead  of  finding  the  Deity  setting  his  bow  in  the 
cloud,  as  a  pledge  that  he  would  not  again  visit  the  earth  with 
a  flood,  ana  as  the  only  natural  token  of  what  had  happened ; 
I  had  expected  to  find  a  reference  made  to  every  diluvian 
heap  of  gravel,  and  every  valley  of  denudation,  as^a  memo- 
rial of  that  wrath  which  was  displayed,  while  visiting  rebel- 
lion with  death.  In  other  words,  if  the  geological  creeds  of 
Baron  Cuvier  and  Professor  Buckland  be  established,  as  true 
in  science,  then  must  the  Book  of  Genesis  be  blotted  out  of 
the  records  of  inspiration.  But  as  I  believe  in  the  authority 
of  the  Mosaic  history,  and  see,  in  the  opinion  of  Linnaeus,  a 
strict  conformity  therewith,  in  letter  and  spirit,  I  may  perhaps 
be  asked.  How  can  I  reconcile  the  phenomena  of  nature,  as 
interpreted  by  these  geologists,  with  the  view  which  I  have 
embraced  ?  I  have  already,  in  my  first  paper,  declared,  that 
^  the  works  and  the  worcb  of  God  must  give  consistent  indi- 
cations of  his  government,  provided  they  be  interpreted  tru- 
ly. It  has  been  announced,  that  the  Mosaic  account  b  in 
perfect  hamwmf  with  the  discoveries  of  modern  science,  though 
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we  have  pointed  out  ^paioAh  disagreemmU  Perhaps  a  siok* 
ilar  difiereDce  may  exist  oetween  Uiese  supposed  discoveries 
of  modem  science  and  die  phenofaena  of  nature.  Our  atten-* 
tion  will  now  be  directed  to  the  tleterminatioa  of  this  importaDt 
point,  involved  in  the  second  question  we  proposed  to  aiscuss. 
As  now  to  be  examined,  it  is  one  exclusively  of  a  scientific 
character,  in  which  all  our  appeals  must  be  made  to  the  facts 
established  by  observation  or  experiment* 

IL  Does  the  Character  of  any  of  the  Merhbers  of  the  ^^  Modem 
Strata^^  demonstrate  the  (/ccurrmoe  of  a  Universal  Flood  as, 
exdusively^  the  Agent  in  their  Fortnation  f 

4 

The  progress  of  truth,  in  this  branch  of  the  bquiry,  must 
necessarily  be  correlative  with  our  knowledge  of  the  ^  mod* 
era  strata,"  and  the  causes  which  have  operated  in  their  pro- 
duction. Whether  a  sufficient  degree  of  knowledge  has  been 
acquired,  or  sufficient  attention  been  bestowed  on  the  subject 
by  British  geologists^  I  leave  to  the  determination  of  the  un- 
prejudiced. Enough,  in  my  opinion,  seems  to  have  been 
secured  to  enable  us  to  solve  the  question  under  cons^ideration. 

Various  conjectures  have  been  offered  by  di&rent  geolo- 
gists, respecting' the  origin  of  the  waters  of  the  deluge.  Some 
are  disposed  to  consider  the  waters  of  the  earth  as  sufficient, 
if  once  set  in  furious  motion*  A  few  look  to  a  sudden  change 
in  the  Earth's  axis  as  the  origin  of  the  catastrophe,  in  the  ab- 
sence of  all  proof  from  the  science  of  Astronomy.  Some 
consider  the  waters  as  having  ■  been  set  in  motion  by  the  at- 
tractive force  of  a  comet,  without  previously  gaming  an  affir- 
mative answer  to  the  question ;  has  a  comet  this  attractive 
force  ?  There  is  abundant  proof  that  the  planets  disturb  the 
comets,  but  the  converse  is  not  known.  The  comet  of  1454 
eclipsed  the  Moon ;  while  that  of  1 770  not  only  came  near 
the  Earth,  but  passed  through  the  midst  of  the  satellites  of 
Jupiter,  without  producing  any  sensible  effects.  Others,  trans- 
lating the  phrase  of  Moses,  ^  the  windows  of  H«aven,''  as 
laterally  meaning  ^^  a  comet's  tail,"  have  considered  the  water 
as  added  to  the  Earth.  I  would  be  disposed,  before  adniitting 
this  view  of  the  matter,  to  ask,  Is  the  vapour  of  a  comet's  tail 
aqueous  ^-^The  following  phenomena,  however,  bear  more 
directly  upon  the  question  under  discussion. 

1.  Excavation  of  Valleys. — Valleys,  in  the  opinion  of  the 
supporters  of  the  diluvian  hypothesis,  may  have  been  pro- 
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duced  by  different  causes,  such  as  irregolarity  of  deposidoa, 
or  subsequent  dislocations  of  the  strata.  But  those  which 
exist  in  rocks  nearly  horizontal,  ^  must  be  referred  exclusive- 
Iv  to  the  reoioval  of  the  substance  tliat  once  filled  them ;  and 
tne  cause  of  that  removal  appears  to  have  been  a  violent  and 
transient  inundation*"  Valleys  of  this  kind  have  been  de- 
signated by  the  very  inappropriate  term,  ^  Valleys  of  Denu- 
dation," as  if  they  bad  been  only  eajpoteil,  not  formed^  by  the 
catastrophe.  Many  circumstances  seem  to  oppose  th^  dilih 
vian  hypothesis,  in  reference  to  the  origin  of  valleys ;  among 
which,  tne  followbg  may  be  noticed* 

a*  Skt^  of  Falkjfs^^The  valleys  of  denudation  are  not 
always  straight  in  their  course ;  tney  have  their  salient  and 
re*eDtering  angles,  their  lateral  branches,  and  their  increase 
in  wklth  as  they  descend.  When  we  look  at  a  valley,  at 
present  forming,  by  the  action  of  running  water,  in  beds  of 
clay  or  gravel,  we  witness  the  sinuosities  of  iu  banks  produc* 
ed  by  the  oscillations  of  the  stream  at  the  bottom,  now  tra»- 
sporting  the  materials  from  one  side,  then  from  another,  and 
tnus  aiding  the  force  of  gravity  in  causing  the  loose  matter  of 
the  bank  to  descend.  The  lateral  branches  are  produced  by 
a  similar  process ;  and  the  valley  widens  as  it  advances,  by 
the  increase  of  its  waters  from  the  lateral  streams,  and  the 
couiequeot  increased  transporting  power.  I  am  in  the  habit 
af  employing  an  old-fashioned  bgic,  and  comparing  small 
things  with  great,  referring  analogous  phenomena  to  the  same 
cause,  and  proceeding  from  the  distinct  to  the  obscure.  Under 
the  influence  of  these  principles,  I  feel  myself  compelled  to 
conclude,  that  the  old  valleys,  with  the  characters  described, 
kave  been  produced,  like  tliose  forming  under  my  eye,  by  the 
lonf<mtinmd  action  of  nmntng  waiter  at  the  bottom.  How  a 
au<£)en,  transient,  and  universal  flood,  covering  the  highest 
kills,  could  have  produced  these  effects,  I  cannot  conceivew 
The  main  branch  must  have  been  first  scooped  out  $  then  the 
^ibordinate  lateral  branches,  in  succession ;  and  a  current  in 
the  main  branch  following  each,  to  clear  away  the  rubbish. 
Had  the  lateral  currents  been  flowing  simultaneously  with  the 
prfaeipal  one,  a  bar  would  have  been  formed  at  the  mouth  of 
eacli  branch ;  and  if  there  had  been  no  suceeuion  of  currents 
ia  the  main  trunk,  it  would  have  been  filled  with  the  materials 
of  the  lateral  branches*  To  those  who  have  stadied  the  nat- 
val  history  of  rivers,  especially  their  Junctions  with  other 
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rivers  or  with  friths,  the  force  of  the  objection  will  be 

obvious* 

It  has  been  objected  to  the  theory  of  the  excavation  of  val- 
leys by  running  water,  that  now  no  water  flows  through  them. 
But  water  m£^  nave  flowed  through  them,  though  now  absent 
The  bursting  of  a  lake,  at  a  higher  level,  may  have  cut  off 
the  sources  of  several  springs,  and  directed  water  through  a 
distinct  and  very  difierent  channel  from  that  in  which  it  for- 
merly flowed. 

b.  The  Impotence  oj  Water  as  an  Abrading  Power. — ^The  ad- 
vocates of  the  diluvian  hypothesis,  have,  in  their  zeal,  com- 
mitted that  mistake  intimated  by  the  schoolmen,  ^  Causam 
assignare  qusB  causa  non  est.'^  It  is  impossible  to  form  an 
adequate  conception  of  all  the  efiects  whicn  might  result  from 
a  violent  and  transient  inundation,  covering  the  highest  hills, 
and  sweeping  whole  continents  with  destructive  fury.  The 
mind  is  lost  in  the  vastness  of  the  operation,  and  the  imagine 
ation  is' left,  unfettered,  to  pursue  its  reveries, — ^a  most  be- 
witching predicament  for  a  geologist.  But  we  may  make  an 
approach  to  the  subject.  When  a  river  is  in  a  violently 
flooded  state,  we  witness  it  remove  the  soil  which  opposes  its 
current,  transport  to  a  lower  level  the  loose  blocks  of  rock,  and 
sweep  away  the  animal  and  vegetable  productions  occurring 
in  its  course.  But  it  is  subject  to  certain  limitations. 
Throughout  its  course,  its  velocity  is  greatest  at  the  surface 
and  the  middle  of  the  stream,  from  which  it  diminishes  to- 
ward the  bottom  and  the  sides,  where  it  is  least.  When  it 
enters  a  hollow,  lake,  or  mill-pond,  the  water  below  the  out- 
let has  its  motion  checked,  and,  in  its  state  of  comparative 
stillness,  permits  the  heavier  materials  it  had  transported  to 
subside.  When  a  watei^spout  descends  almost  in  a  solid 
column  of  great  height,  and  exerting,  consequently,  a  pres- 
sure well  calculated  to  remove  obstructions,  it  penetrates  the 
soil,  and  disperses  it,  along  with  the  vegetable  covering,  re- 
moves the  loose  blocks  of  stone,  and  the  surrounding  detritus, 
while  it  makes  but  a  feeble  impression  on  the  solid  rock. 
When  an  alpine  lake  bursts  its  barriers,  it  acts  precisely  as  a 
-river  in  a  flooded  state ;  carries  along  with  it  soil,  loose  rocks, 
trees  and  animals,  depositing  at  a  lower  level  the  wrecks  of  its 
course, — as  happened  in  the  Val  dc  Bagnes,  by  the  bursting 
of  the  lake  of  Mauvoisin,  {Edin.  PhiL  Joum*  No.  I.  p.  190.] 

Let  us  now  suppose  a  body  of  water  (no  matter  at  present 
whether  fresli  or  salt),  of  sufficient  height  to  cover  the  highest 
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mouDtaiDS,  and  possessiDg  a  progressive  motioD  of  great  velo- 
city, suddenly  to  arrive  at  the  north  of  Zetland,  traverse  the 
kingdom,  and  pass  off  towards  the  south,  at  the  Land's  End, 
What  would  be  the  accompanying  phenomena  ?  The  soil 
would  be  every  where  annihilatea  in  its  progress,  and,  as 
mud,  transported  to  a  distance.  The  animal  and  vegetable 
inhabitants  would  be  floated  off*  All  detritus,  boulders,  and 
loose  blocks  of  rocks,  would,  at  the  onset,  vield  to  its  pressure 
and  velocity.  But  every  lake,  every  valley,  every  lee  side 
of  a  hill,  every  frith  and  bay  of  the  sea,  would  speedily  be 
in  a  state  of  comparative  stillness,  and  receive  the  largest  and 
the  heaviest  of  the  transported  blocks.  In  the  bottom  of 
valleys  and  lakes  we  should  now  find  the  wreck  of  the  catas- 
trophe. But,  have  we  the  shadow  of  evidence  to  warrant 
the  conclusion,  that  this  inundation  could  tear  up  solid  rocks, 
and  make  excavations  in  undisintegrated  strata  ?  No.  The 
force  of  cohesion,  or  rather  crystallization,  is  more  than  a 
match  for  water  falling  from  any  conceivable  height,  or  mov- 
ing with  any  known  velocity.  The  numerous  islands  which 
occur  around  our  coasts,  even  where  most  exposed,  and  the 
cascades  so  common  in  the  hilly  districts,  attest  the  absence 
of  this  abrading  or  excavating  power.  Did  it  possess  this 
power,  the  Straits  of  Dover  and  the  Pentland  Frith  must  by 
this  time  have  become  unfathomable ;  Niagara  should  have 
ceased  as  one  of  the  wonders  of  the  world,  and  wooded  val- 
leys should  have  occupied  the  place  of  the  Canadian  lakes. 
While  I  deny  to  water  this  abradiihg  power,  because  the 
whole  history  of  rivers  is  in  opposition,  i  willingly  admit  its 
transporting  power  after  disinte^ation  has  taken  place, — a 
distinction  to  which  the  student  in  geology  would  do  well  to 
take  heed. 

c.  The  Terraces  in  VaUeys. — In  many  valleys,  on  the  Con- 
tinent of  Lurope,  in  this  country,  and  in  America,  terraces 
occur  in  the  banks,  which,  from  their  horizontality,  indicate 
their  production  by  water  at  the  period  these  valleys  were 
lakes.  Several  terraces  may  be  traced  in  some  valleys,  and 
these,  according  to  Professor  Buckiand,  '^  shew  the  number  of 
successive  stages  by  which  the  bursting  of  the  eorge  took 
place." — ReL  Dil.  317.)  In  Lochaber  four  such  terraces 
occur,  shewing  four  successive  eruptions.  These  terraces, 
however,  are  declared  to  be  ^  all  of  postdiluvian  origin." — lb. 
Whatever  be  the  era  of  these  terraces,  they  demonstrate  a 
few  truths,  which  cannot  be  very  agreeable  to  the  supporters 
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of  ihe  diluvian  hypothesia*  Many  lakes  foroicriy  exisled, 
where  valleyft  now  occur ;  and  there  are  agents  in  Nature 
capable,  at  different  intervals,  of  opening  the  barriers  of 
these  lakes,  and  permitting  the  water  to  escape  suddenly. 
Such  lakes  and  such  agents  may  have  existed  before  the 
flood*  ,Eiach  bursting  must  have  resembled  a  deluge  in  its 
tffect  upon,  the  district  through  which  the  waters  passed,  and 
the  wrecks  which  it  would  accumulate  at  the  lower  level. 
When,  therefore,  we  witness  a  valley,  the  present  waters  of 
which  empty  themselves  by  a  narrow  gorge,  how  are  we  to 
determine  whether  that  goi^  has  been  opened  before  the 
deluge^  at  the  deluge,  or  aiter  the  deluge  ?  The  Vale  of 
Pickering,  in  Yorkshire,  may  be  taken  as  an  example*  Ac*" 
CordiDff  to  Professor  Buckknd,  it  was  an  antediluvian  lake 
(it  would  have  been,  from  its  characters,  a  valley  of  denuda- 
tion, had  it  not  been  necessary  to  have  a  sheet  of  fresh  water 
fcr  the  antediluvian  hippopotami  to  swim  in;)  the  deluge 
opened  the  gon;e  at  Malton,  and  converted  it  into  a  postdiio* 
Tian  valley*  out  it  is  just  as  probable  that  it  was  a  postdtlu* 
vian  lake,  and  that  the  gorge  of  Malton  was  removed  by  an 
i^nt,  similar  to  that  which  opened  iu  northern  nelahboors 
in  Lochaber.  When  we  see  a  valley,  the  waters  of  which 
flow  out  at  a  gorge,  we  may  infer  that  it  was  formerly  a  lake« 
We  may  also  infer  that  a  sudden  deluge  could  noc  tear  away 
the  barrier  rocks,  unless  previously  disintegrated  i  and  we 
may  watch  the  transporting  power  of  the  present  stream:  bot 
if  we  have  any  ffeological  caution,  we  will  hesiute  about 
fixing  the  era  of  the  change* 

These  terraces  are  found  in  ^eater  numbers  id  alpine  dir 
tricts,  as  might  have  been  anticipated.  They  oconr,  horn* 
ever,  even  at  low  levels.  I  have  ahready  noticed  three 
examples  in  this  Journal,  and  I  have  more  to  produce*  They 
are  much  more  numerous  than  is  commonly  imagined.  Even 
in  the  valley  of  the  Thames  there  is  reason  to  believe  they 
exist,  though  this  hollow  is  pronounced,  by  IVofessor  Buck* 
land,  a  valley  of  denudation.*    Mr  Oreenough,  a  strenous 

*  til  the  "^  Reply  "t  t  am  accuied  of  snpportifig  one  of  my  conctasioas  '*  bf 
Mating,  on  the  mukUfrpnUd  aoUiority  of  Sir  Trimmer**  paper,"  that  aeveial 
of  the  repated  aDtediloviaB  animals  occur  in  the  postdilnviad.  regulsfly  tti^ 
tified  clay,  &c.  Bnt  how  is  this  grave  charge  of  misinteipretation  supported  ? 
^  I  rentnre  (he  sayn)  to  assert,  that  no  remans  of  this  kind  have  ever  been 
found  in  the  peat  begs  of  any  part  of  the  valley  of  the  Thames,  stUl  lese  ia 
the  legator  stratiied  clay,  ikai  it,  the  LonUn  clay.'*    Had  I  really  said  that 

t  See  Host  Joor.  voL  &.  p.  M». 


Dr  Fleming  on  ike  Oeologieal  Deluge.  485 

supporter  of  the  diluvian  hypothesis,  has  stated  in  his  Geolo- 
gy (p.  121^,  that  ^the  valley  of  the  Thames,  in  London,  is 
contained  m  that  of  which  Clapham  Rise  forms  part  of  the 
boundary  on  one  side,  and  the  Green  Park  on  the  other ;  and 
this,  agam,  is  contained  in  the  larger  valley,  which .  occupies 
the  mterval  between  Highgate  and  Sydenham.  Arrived  at 
these  points,  we  find  our  horison  bounded  by  a  chalk  ridge 
still  loftier."  These  included  valleys  throw  {;reat  light  on 
the  history  of  the  dobe.  They  are  like  the  circular  valleys 
in  river  courses  $  they  mark  some  of  the  features  of  a  foroier 
state  of  things  \  thef  assist  us  in  tracing  the  chanees  which 
have  taken  place,  and  even  the  agents  concerned  in  their 
production  t  out  they  give  us  no  dates. 

{To  he  continued.) 

■  lllllWI  ■  III  — ^—^i^^^H^ 

Mr  f  limmer  found  these  remains  in  the  "  London  clay/'  the  charge  would 
have  been  well  founded,  as  he  says  that  they  occur  Aote  the  London  day. 
But  I  say  oo  such  thing.  Is  the  London  elay  Hn  the  geological  sense  of  the 
term)  Uie  only  roguim'  tttuMtd  d&jf  with  wbioti  my  opponent  is  aeqnainCed  ? 
This  cannot  be  the  case.  Or  can  he  deny,  that  the  "  Brentford  clay/*  is  less 
tfegultnrly  dtntlfied  than  the  '*  London  clay  ? "  I  use  the  phrase,  obvun^jf 
SoMistent  with  the  authority  which  I  auote ;  and  I  was  the  more  inclined  to 
do  so,  for  the  pnrpose  of  exbibitkig  the  distinction  between  this  reguUtrfyttrta- 
ified  clay  and  the  ordinaiy  diluvium^  which  u  irregular  in  iti  structure.  So 
htf  therisfore,  /  have  been  misinteipreted,  not  Mr  Trimmer.  But  there  Is 
Mill  a  dMRireflMe  between  us.  Professor  Buckland  says,  thst  he  has  visited 
the  elay  In  question,  and  pronounoes  it  diluvium.  Last  9ft^^  when  in  Lon- 
don, I  was  anxious  to  see  a  cenuine  example  of  di/uvtiim,  and  the  more  so, 
as  ate  Trimmer's  remsrlcs  indicated  a  very  different  deposition :  and  because 
1  bad  Mwpected  thtt  the  advocetei  of  the  diinvisn  hy^iotbesis  were  in  the 
habit  of  oenfoonding  together,  at  least,  two  of  the  **  modem  strata/*  Nor 
was  I  disappointed  ;  for  that  which  my  opponent  has  pronounced  diluvium, 
1  found  to  be  LatvkfiiU  Silt ;  and  my  conclusion  rested  on  the  following 
licti  i  1.  The  beds,  and  thear  strata  or  Ane  clay  and  sand,  are  neatly  horlsoii- 
tal.  a.  They  contain,  here  and  there,  thin  horiaootal  patehes  of  small 
rounded  flinty  pebbles,  (preciselv  similar  to  small  layers  of  eravel  which  I 
had  seen  tli  (genuine  examples  of  similar  origin),  indicatiog  the  influence  of 
eoeaslotial  floods.  8.  Scattered  through  the  clay  I  observed  several  pieces 
of  shells,  the  present  inhabitants  of  our  lakes  or  slow  running  streamSi  via. 
ttelix  ptregra  and  eomplanaia,  Turbo  fontwalUf  and  Cardiam  eomeum  of 
Montagu.  It  is  evident,  therefore,  that  a  laJte  existed  here  which  has  been 
AHed  up  bv  slow  degrees,  aad  the  character  of  the  materials,  and  organic  re- 
mains of  the  different  beds,  mark  certain  epochs  in  the  process.  It  is  fortu- 
nate that  this  example  occurs  so  near  London  as  to  be  of  easy  access  to  the 
members  of  the  Geological  Society.  Perhaps  a  good  deal  of  the  reputed 
English  diluvium  may,  upon  investigation,  be  found  to  be  laeostrfne  silt,  ie 
ia  ne  present  ftrntaBce. 
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By  J.  W.  Webster,  M.  D. 

[Continued  from  vol:  U.  p:  392;] 

At  the  close  of  the  remarks  on  the  geolodcal  structure  of 
the  country  in  this  vicinity,  in  a  former  number  of  this  Jour- 
nal, it  was  stated  that  a  remarkable  feature  in  the  conglome- 
rate at  Roxbury,  was  the  occurrence  of  numerous  fissures 
and  rents  in  every  part  of  the  beds.  In  a  few  places  these 
rents  have  obviously  been  produced  by  trap  rocks ;  in  some 
of  them  the  trap  is  seen  in  thin  veins  partially  decomposed, 
while  in  others  it  remains  firm  and  unaltered.  At  the  north- 
eastern extremity  of  this  bed  of  conglomerate,  where  the 
rock  has  been  extensively  quarried,  a  larger  portion  of  what 
was  originally  a  vein  of  great  size,  has  been  left  projecting 
from  the  conglomerate,  standing  like  a  ruinous  wall.  This 
vein  or  dyke  is  composed  of  imperfect  prismatic  masses 
placed  at  right  angles'  to  the  direction  of  the  vein,  and  these 
are  slowly  crumbling  to  powder,  from  the  joint  operation  of 
those  atmospheric  agents  whose  influence  is  so  great  and 
beneficial  in  resolvine  the  hardest  and  hiost  sterile  rocks  into 
a  fruitful  soil.  In  the  immediate  vicinity  of  this  vein  are 
several  smaller  veins  which  have  undergone  no  apparent 
change,  and  which  are  seen  to  begin  and  end  in  the  contigu- 
ous conglomerate.  Several  of  these  smaller  veins,  varying 
in  width  from  three  inches  to  the  tenth  of  an  inch,  can  be 
seen  in  close  contact  with  the  conglomerate,  and  even  the 
thinnest  of  them  are  divided  by  cross  rifts  into  the  prismatic 
masses  so  characteristic  of  these  rocks.  At  the  junction  of 
the  conglomerate  and  trap  no  change  appears  to  have  taken 
place  in  the  texture  of  the  conglomerate  or  of  any  of  the 
imbedded  nodules.  The  general  course  of  these  trap  veins 
is  from  10^  W.  of  S.  to  10°  E.  of  N.  they  contain  minute 
particles  of  iron  pyrites,  which,  by  the  action  of  the  air  and 
moisture,  impart  to  the  rock  a  ferruginous  aspect,  and  cause 
it  to  separate  in  concentric  crusts.  The  principal  vein  is 
found  on  examination  to  contain  detached  portk)ns  of  the 
conglomerate. 

At  the  distance  of  about  35  yards  in  a  westerly  direction 
from  the  large  vein,  is  another  of  smaller  dimensions,  being 
but  6  inches  wide,  which  has  an  inclination  towards  the  east; 
it  cannot  be  traced  to  any  considerable  distance,  being  lost 
in  the  accumulated  fragments  at  the  bottom  of  the  quarry* 
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A  short  distance  beyond  this  last,  another  vein  is  seen  to 
begin  and  terminate  in  the  conglomerate,  being  a  good  exam* 
pie  of  what  would  be  considered  by  many  geologists  as  a 
contemporaneous  formation.  Notwithstanding  the  occurrence 
of  these  trap  veins,  it  is  a  circumstance  worthy  of  notice  that 
no  rounded  portions  of  the  same  rock  are  to  be  discovered 
as  constituent  parts  of  the  conglomerate  itself,  a  fact  which 
goes  to  show  that  the  two  rocks  are  of  different  ages* 

Pursuing  the  direction  of  the  conglomerate  from  Roxbury 
through  Brookline  towards  the  west  it  is  seen  to  become  finer 
grained,  and  at  the  same  time  to  acquire  more  of  a  slaty 
character ;  becoming  in  places  distinct  grau  wacke.  The 
whole  aspect  of  the  rock  now  begins  to  change,  and  at  tbe 
entrance  of  the  town  of  Brighton  it  becomes  a  well  charac- 
terised amygdaloid.  In  a  quarry  about  half  a  mile  S.  W* 
of  the  meetinghouse  in  Brighton  tne  passage  of  the  two  rocks 
into  each  other  is  finely  displayed.  A  vertical  section  of  this 
quarry  shows  the  conglomerate  occupying  the  lowest  part, 
upon  which  is  a  thin  bed  of  a  slaty  character,  approaching 
to  amygdaloid  in  its  structure,  while  the  perfect  amygdaloid 
reposes  upon  it,  a  stratum  of  loose  pebbles  and  small  bould- 
ers being  interposed  on  each  side  of  the  slate.  It  is  difficult 
to  ascertain  the  relative  position  of  the  amygdaloid  and  con- 
glomerate, except  in  one  or  two  places  where  denuded,  and 
from  these  it  would  appear  that  the  former  is  the  superin- 
cumbent rock.  In  several  places,  however,  within  the  limits 
of  the  town  of  Brighton  the  transition  from  the  one  rock  to 
the  other  may  be  satisfactorily  observed. 

The  amygdaloid  contains  veins  of  quartz,  sometimes  well 
crystallized  epidote,  sulphates  of  baryta  and  lime,  carbonate  of 
lime,  chlorite,  micaceous  iron,  sulphuret  of  copper,  and  crys- 
tals of  adularia ;  near  the  ^ricultural  Hall  in  Brighton  it 
forms  steep  precipices,  and  contains  a  somewhat  singular  va- 
riety of  quartz  in  very  thin  sheets.  The  quartz  is  often 
coloured  green  by  chlorite  and  becomes  a  beautiful  prase. 
Attempts  have  been  made  to  saw  this  amygdaloid  into  slabs 
and  to  polish  it  for  ornamental  purposes,  but,  as  might  have 
been  anticipated,  the  process  of  cutting  and  polishing  laid 
apen  cavities  which  frustrated  all  attempts  to  obtain  a  uniform 
surface. 

The  character  of  the  amygdaloid  of  Brighton  is  different 
from  that  in  which  agate  nodules  are  met  with  in  Europe,  and 
it  is  probably  to  be  referred  to  an  earlier  epoch.  In  general 
it  is  narder  and  more  compact  than  what  was  formerly  con- 
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eidered  by  the  disciples  of  Werner  as  a  FkBts  amygdaloid, 
and  although  it  cannot  be  advantageously  used  in  ornamental 
architecture,  it  is  a  good  and  durable  building  stone.  This 
rock  covers  most  of  the  hills  in  the  town,  of  Brighton,  being 
more  compact  in  some  than  in  others,  and  not  unfrequendy 
acquiring  a  coarse  slaty  structure*  It  may  be  traced  into  the 
adioining  towns,  and  at  Newton  Falls  it  becomes  of  a  brown 
colour  and  passes  into  the  conglomerate. 

Returning  to  the  south  ana  southwestern  side  of  Boston, 
we  find  the  conglomerate  occupying  an  extent  of  several 
miles.  It  is  the  prevailing  rock  in  the  town  of  Dorchester, 
and  appears  here  and  there  in  the  towns  of  Milton,  Quincy, 
and  Canton,  being  bounded  to  the  south  and  east  by  the  ex- 
tensive formation  of  sienite,  whence  so  abundant  a  supply 
oi  one  of.  our  best  building  stones  is  obtained* 

Rmtd  to  ^t7lon.-^Passing  over  the  great  deposite  of  clay 
at  Soulb  Boston,  we  cross  the  conglomerate  of  Dorchester, 
and  observe  it  acquiring  a  greater  (kgree  of  compactness  and 
umformity  of  composition  until  within  about  8  miles  of  the  Blue 
Hills,  where  it  passes  into  compact  felspar,  and  this  last  into 
homstone.  Soon  after  commencmg  the  ascent  of  Milton  Hilk 
an  outgoing  of  sienite  is  to  be  seen,  which  is  probably  con- 
nected with  that  of  Quincy.  This  sienite  is  covered  by  a 
peculiar  porphyry  resembling  some  of  the  trachytes,  and 
composes  the  principal  part  of  the  Blue  Hills.*^  It  forms  steep 
precipices,  the  escarpments  being  towards  the  S.  W.  The 
porphyry  of  the  Blue  Hilb  contains  a  large  proportion  of 
quartz,  and  the  felspar  has  a  reddish  colour;  towards  the 
bottom  the  felspar  predominates. 

On  the  southeastern  side  of  Boston  the  conglomerate 
may  be  traced  about  6  miles  towards  the  town  of  Quincir, 
where  it  b  succeeded  by  a  clay  slate  resembling  that  of  the 
western  part  of  Charlestown.  The  slate,  after  disappeaiing 
msder  the  waters  of  Boston  harbour,  a^ain  emerges  to  form 
some  of  the  islands  with  which  it  is  studded.  Prom  the  man- 
ner in  which  this  slate  is  connected  with  the  rocks  that  have 
been  mentionfri,  there  is  reason  to  infer  that  it  underlays  all 
of  them.  The  clay  slate  of  Quincy  is  succeeded  by  sienite, 
which,  along  the  shores  of  Hin^am  and  Cohasset,  is  traversed 
by  veins  of  trap  approaching  to  basalt.  The  islands,  which 
lie  between  these  shores  and  the  promontory  of  Nahaot  <m 

*  The  hieheft  of  the  Blae  HOk  u  «boat  710  feet  above  the  levpl  of  (h» 
la  Boiton  Mfboar. 
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the  opposite  side  of  the  harbour  are  evidently  parts  of  the 
same  formation,  and  the  slate  of  that  promontory  has  under- 
gone a  striking  change  from  the  presence  of  the  huge  veins 
of  trap  with  which  it  is  traversed  in  every  direction.  The 
geological  structure  of  the  opposite  shores  and  islands,  pre- 
sents many  indications  to  the  eye  of  the  geologist,  that  the 
numerous  islands  in  the  harbour  of  Boston,  afe  the  remains 
of  a  once  continuous  formation..  To  the  North,  the  sane 
character  continues ;  and  in  the  sienke  af  Marblehcad  and 
the  vicinity,  we  have  the  same  geological  character  as  in  thiC 
of  Cokasset* 

It  has  been  seen  that  on  the  south,  the  ttansition  rocks  of 
our  neighborhood  are  overUd  by  porphyry  at  Milton  ^  the 
same  is  the  case  on  the  north,  at  Maiden,  where  the  bills  are 
composed  of  a  porphyry  of  various  shades  of  red,  green,  and 
grey,  equ^l  in  beauty  to  any  which  was  worked  by  the  ui^ 
cients.  This  porphyry  is  however  not  the  same  as  Chat  at 
Milton;  its  base  being  a  distinct  homstone,  ia  whkh  the 
crystals  of  felspar  are  not  always  readily  discovered  by  the 
ndked  eye,  as  they  often  approach  in  colour  fia  that  of  the 
basis  itself.  In  me  red  and  purpk  varieUes,  however,  the 
felispar  is  beautifotly  Astinct*  h  is  a  hard  and  durable 
rock,  and  at  scmae  future  day  £t  is  to  be  hoped  will  be  made 
to  contribute  to  the  permanence  and  magnificence  of  our 
public  works.  This  stone  is  susceptible  af  the  most  perfect 
polish,  and  is  everr  way  similar  to  that  which  was  wrought 
in  former  ages*  That  the  art  of  workiafl  it  is  not  lost  is 
evinced  by  the  beautiful  vases  and  slabs  mich  are  occasion- 
ally brought  to  this  place  from  the  North  of  Europe* 

Associated  with  the  porphyry  c»f  Maiden,  is  a  bright  red 
jasper,  which  forms  a  bed  of  considerable  extent  on  the  south 
western  side  of  Sai^s  river. 

In  several  parts  oi  the  extensive  porphyry  formation  of 
Maiden,  thin  veins  of  micaceous  won  are  met  with,  one  «f 
which  was  worked  to  sosie  extent  many  years  since,  under 
the  belief  that  it  was  a  vein  of  lead.  In  the  lowlands,  and 
along  the  margins  of  the  smatt  streams  ia  the  neighbourhood^ 
bog  iron  ore  oecurs  in  considerable  quantity. 

(To  be  continued.) 
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Art.  XLVlh-^Annoer  to  Profusor  Strong*s  ^  Remarks  cm  Mr. 
ColbunCs  Theory  of  P^ralUi  UnesJ*^  By  Warren  Colburit, 
Esq. 

• 

Since  publishing  tny  theory  of  parallel  lines,  I  have  observ- 
ed in  the  notes  of  a  late  edition  of  Playfair^s  Euclid,  a  de- 
finition of  parallel  lines  very  similar  to  mine.  This  definition 
was  used  by  Wolfius,  by  Boscovichand  by  Thomas  Simpson, 
in  his  first  edition  of  his  elements.  It  is  of  course  no  new 
thing,  but  I  had  never  seen  it* .  It  was  not  in  the  former 
editions  of  Playfair.  The  same  objection  is  made  to  this 
definition  in  Playfair,  that  Professor  Strong  has  made  to  mine. 
My  demonstration  founded  on  this  definition  is  very  difierent 
from  that  given  in  Playfi^ir* 

The  objection  is  plausible  at  first  thought ;  but  on  examin- 
ation I  think  it  will  be  found  to  consist  in  the  peculiar  mode 
of  presenting  the  idea  to  the  mind.  This  is  no  uncommon 
source  of  difficulty. 

Euclid's  definition  of  parallel  lines  is  as  follows : — "^  Paral- 
lel straight  lines  are  such  as  are  in  the  same  plane,  and  which 
being  produced  ever  so  far  both  ways  do  not  meet/' 

In  this  definition  it  is  taken  for  granted  that  two  straight 
lines  can  be  so  situated. 

My  definition  is,  '^  Two  straight  lines  which  are  equidistant 
throughout  their  whole  extent  are  called  parallel  lines.'' 

In  this  of  course  it  is  taken  for  granted  that  two  straight 
lines  can  be  so  situated ;  and  I  would  ask  the  reader  if  this 
is  not  as  easily  granted  without  proof  or  explanation,  as  that 
of  Euclid  f    I  think  it  is. 

Euclid  was  farther  obliged  to  take  for  granted  the  disputed 
proposition  which  I  have  attempted  to  prove ;  however,  if  my 
definition  is  as  difficult  to  be  granted,  as  Euclid's  difinition 
and  axiom  together,  of  course  I  have  effected  nothing. 

If  my  definition  is  granted,  it  necessarily  follows  that  all 
straight  libes,  drawn  from  one  of  ihtm  perpendicular  to  the 
other,  are  equal,  since  it  is  easy  to  prove  that  the  perpendicu- 
lar to  a  straight  line  drawn  from  any  point  without  the  line,  is 
the  shortest  aistance,  and  of  course  the  proper  measure,  from 
that  point  to  the  Kne. 

But  we  will  present  Professor  Strong^s  idea  in  a  little  differ- 
ent form,  and  see  if  it  is  as  fcmnidable  an  objection,  as  at  first 
si^ht  it  appears  to  be. 
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Instead  of  the  abstract  form  I  shall  give  a  mechanical 
description  which  will  not  take  any  from  its  generality.  This 
mode  is  often  employed  by  mathematician's  in  defining  curv« 
ed  lines,  as  circles,  ellipses,  parabolas,  &c* 
.  Let  AB  be  a  straight  line,  and  let  a  common  joiner's  square 
be  supposed  to  be  applied  to  this  line,  so  that  one  edge  of  one 
leg  CD  may  coincide  with  it,  and  tlie  other  leg  DE  will  of 
course  be  perpendicular  to  the  line. 

nE 
"B H 


^ 
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Let  a  point  be  fhced  somewhere  at  F  in  the  leg  DE,  Now 
if  we  suppose  this  square  to  slide  along  upon  the  line  AB,  the 
point  F  will  describe  the  line  GH,  all  the  points  of  which 
will  be  equidistant  from  AB,  because  FD  is  always  perpen- 
dicular to  AB.  The  question  is,  what  kind  of  a  line  will  GH 
be,  straight  or  doubtful  ? 

If  Professor  Strong's  first  objection  is  removed,  as  I  think  it 
must  be  in  the  minds  of  most  readers,  the  second  must  neces- 
sarily follow  it.  For  it  must  be  allowed  that  the  line  AB 
(see  fig.  in  the  demonstration  alluded  to  hj  Professor  Strong) 
is  as  far  from  CD  as  CD  is  from  AB.  Now  a  perpendicular 
drawn  from  AB  to  CD  measures  the  distance  of  the  two  lines 
asunder,  also  a  perpendicular  from  CD  to  AB  measures  the 
distance,  and  the  two  lines  were  by  hypothesis  equidistant 
throughout  their  whole  extent,  therefore  the  abovementioned 
perpendiculars  are  equal. 


J^em  Work  an  Mintralogy. — ^Dr  E.  Emmons,  has  publbhed 
a  ^^  Manual  of  Mineralogy  for  the  Use  of  Schools,  fee."  which 
appears  to  be  well  adapted  to  the  purpose  for  which  it  was 
intended.  The  design  of  the  author  was  to  furnish  a  text 
book  for  that  excellent  institution,  the  Rensselaer  School, 
which  should  answer  the  purposes  of  introducing  beginners  to 
the  study  of  minerals,  and  be  a  convenient  book  of  reference  f<Mr 
persons,  who  were  travrfRAj^    Within  the  compass  of  about 
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900  peigefi,  Dr  EmiiMOB  kat  given  the  prominent  extemal 
characterBf  and  chemical  compositMi  of  all  the  minerali, 
made  knowa  up  lo  the  tiine  of  pablication.  He  appears  to 
have  consulted  the  latest  and  best  works  on  the  science,  and 
has  made  an  abrid^nent  of  thcai,  well  aaitod  to  the  use  of  all 
schools^  where  the  elementB  'Of  MoiBcakfj  are  taught. 

AitdaluiiU  tf  WtHfwrd^  Mmssmchautie* — In  the  tenth  rci- 
ume  of  the  American  Jounal  of  Science  and  Arts,  at  page 
S84,  the  occurrence  of  andalusite,  at  Westford,  in  this  state, 
was  noticed  by  Professor  Hitchcock  of  Amherst  College,  who 
remarks  that  he  picked  up  a  few  specimens  from  a  stone  wall, 
near  the  bottom  of  the  hill  east  of  the  village,  qn  the  road 
leading  to  Chelmsford.  Having  lately  visited  the  town  of 
Westford  for  the  purpose  of  obtaining  spepimens  of  this  sub- 
stance, I  have  had  the  good  fortune  to  nnd  it  in  considerable 
abundance. 

The  village  of  Westford  is  situated  on  a  hill,  composed 
chiefly  of  mica  slate,  dipping  to  the  NE.,  under  an  angle  of 
about  45^.  The  mica  slate  is  well  characterized,  and  towards 
Chelmsford  passes  into  gneiss,  both  rocks  being  traversed  by 
veins  of  granite  and  quartz.  The  mica  slate  is  in  several 
places  much  iron-shot,  and  the  gneiss  is  here  an^  there  por- 
pfayritic.  Numerous  boulders  of  granite  are  met  with,  which 
increase  as  we  approach  Chelmsford* 

The  andalusite  is  found  only  in  detached  masses  of  quartz 
and  mica  slate;  all  my  attempts  to  discover  it  in  siiu  were 
unsuccessful. 

The  crystab  of  andalusite  are  of  various  shades  of  red, 
brown,  and  even  black,  varying  in  size  from  microscopic,  to 
that  of  several  inches  in  length,  and  an  ioch  and  a  quarter  on 
each  face.  Many  of  the  crystals  which  1  obtained  present 
far  more  numerous  replacements  than  have  been  noticed  in 
any  European  specimens.  The  inclination  of  the  primary 
faces  is  about  91^  and  117^,  of  the  secondary,  about  13^ 
30^  Besides  occuring  in  crystals,  the  mineral  is  met  with 
massive,  and  intermixed  with  mica,  often  so  intimately  as  to 
give  tim  m^s&  the  appearance  of  emery« 

The  a<^alusite  is  accompanied  with  rhcetizite,  and  a 
ibrous  quariz,  resewbliog  bucbolzite.  In  a  few  specimens  it  is 
CPwect^  with  graphite.  Some  of  the  crystals  are  abaost 
pariec4}y  Imwarentr  The  crystals  resemble  in  external 
characters^  and  geological  associations,  those  of  the  Sualpe 
W»  Carinthia  and  of  L^hm  in  Bavaria ;  surpassing  them  hoir« 
ew  in  sixe  Md  transp«raacy*  iWW 
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Jifpliie&Han  of  Caoutchouc  to  the  Manufacture  of  Cordage^  ^c. 
A  patent  has  been  obtained  bj  Mr  Hancock  of  London,  for 
an  improvement  in  the  manafacture  of  cordage  and  other 
articles  from  hemp,  flax,  and  other  fibrous  substances*  The 
improvement  consists  in  covering  the  substances,  when  they 
are  formed  into  jarns,  strands,  ropes,  threads,  &c.,  with  liquid 
caoutchouc*  In  colour  and  consistence,  the  liquid  resembles 
cream.  It  is  applied  to  the  cordage,  &c.  in  a  manner  exact- 
ly similar  to  that  employed  by  rope-makers  in  making  tarred 
ropes,  except  that  it  is  not  heated* 

Trom  an  analysis  of  the  liquid  caoutchouc,  or  original 
sap,  as  carried  to  England,  it  was  found  by  Mr  Faraday  to 
consist  of 

^Solid)  Caoutchouc SIT/) 

Albuminous  precipitate 19,0 

Bistre  colouring  matter,'  a  highly  asotated  substance,  ^ 

(yielding  a  strong  odour  of  ammonia)  .        •  r'^^fi 

Wax ) 

Substance  soluble  in  water  not  in  alcohol       •        •        29,0 

Water 56s,0 

999,S 

On  the  duxr^tB  m  Mtrcurial  7%ermome<erf.-^Mr  H.  H. 
Blackadder  has  proposed  a  new  explanation  of  the  cause  of 
the  change  by  whicn  the  accuracy  of  thermometers  is  affect- 
ed. It  had  been  supposed  that  the  bulb  of  the  instrument 
itself  increased  in  capacity,  an  explanation  which  Mr  Black- 
adder  deems  unsatisfactory*  In  the  most  carefully  construct- 
ed thermometers  some  air  is  left  within  the  instrument.  It  is 
supposed  that  in  the  course  of  years,  this  air  will  be  decom- 
poised  by  the  mercury,  the  oxygen  being  absorbed ;  and  in 
Decoming  solid,  its  bulk  will  be  diminish^*  In  this  way  the 
lowering  of  the  mercurial  column  can  be  accounted  for ;  in 
addition  to  which,  Mr  Blackadder  supposes  that  a  portion 
of  air  remains  adhering  to  the  inner  surface  of  the  bulb,  which 
gradually  escapes  to  the  upper  part  of  the  tube.  It  is  pro- 
posed to  render  the  instrument  more  accurate,  by  aHowin^  a 
considerable  space  of  time  to  elapse  between  the  construction 
of  the  glass  part  and  the  adaptation  of  its  scale* 

On  the  JHr  cwitctinei  in  River  and  Carnal  Waters.-^^Dr  Ure 
has  determined  the  prdportion  of  air  contained  in  these  waters 
by  boiling  them. 
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18,000  grain  measuret  of  canal  iTater  (in  winter) 
yielded 480  or  3^ 

Filtered  river  water^  drawn  in  the  city  of  Glasgow 
from  the  pipes  of  the  Cranston  Hill  Company       454      ^^ 

Filtered  river  water  from  the  pipes  of  the  Glasgow 
Water  Company.  ...        .        •        .    '   450  1 

Water  taken  directly  from  the  river  Clyde,  some- 
what swollen  by  winter  rains  505       ^i^ 

The  gaseous  matter  obtained  from  the  first  three  waters, 
consisted  of  rV  carbonic  acid  gas,  and  ^^  atmospheric 
air.  That  from  the  open  river  contained  only  ^^  of  car- 
bonic acid.  The  above  waters,  when  submitted  to  ex- 
amination, had  a  temperature  of  56°  Far.— £rande'«  JoumaU 

Preparation  of  Aluminum^  by  M.  Oersted. — Of  late,  the  at- 
tempt to  produce  the  combination  of  chlorine  with  most  sub- 
stances has  been  successful ;  of  the  small  number  of  compounds 
of  chlorine  which  remained  to  be  procured,  was  that  with 
aluminum.  The  usual  method  not  answering,  it  was  necessary 
to  attempt  a  new  one.  It  consisted  in  passing  a  current  of 
dry  chlorine,  through  a  mixture  of  pure  alumina  and  carbon, 
equally  dry,  and  placed  in  a  porcelain  tube  heated  to  redness. 
There  resulted  carbonic  acid,  an  excess  of  chlorine  and  of 
chlorideof  aluminum,  the  latter  compound,  being  gaseousat  high 
temperatures,  is  condensed  in  a  receiver,  and  the  chlorme  and 
carbonic  acid  are  disengaged  and  left  in  passing  through  a 
long  tube  which  proceeds  from  the  receiver.  The  chloride 
of  aluminum  is  volatile,  at  a  temperature  not  much  above  that 
of  boiling  water;  it  is  slightly  yellow,  probably  from  a  small 
excess  of  chlorine.  It  crystallizes,  absorbs  water  with  great 
avidity,  and  dissolves  very  easily  with  the  disengagement  of 
much  heat.  Warmed  rapidly  with  an  amalgam  of  potassium, 
a  double  decomposition  takes  place,  and  we  obtain  by  distilla- 
tion out  of  the  contact  of  the  air,  a  metallic  mass,  which  in 
colour  and  lustre,  approaches  very  much  to  tin,  this  is  alumi- 
num. For  the  rest,  the  author  found  some  remarkable  prop- 
erties in  the  amalgam  of  aluminum,  and  in  aluminum  itself 
which  do  not  allow  him  to  consider  his  experiments  as  finished, 
but  which  on  the  contrary  promise  important  results. 

We  may  obtain  chloride  of  silicium.byjhe  same  process; 
the  latter  is  however  more  volatile  than  the  cjiloride  of  alu- 
minum.   The  two  chlorides  may  be  obtained  by  one  opera- 
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Hon,  by  passing  a  current  of  cUorkie  throudi  an  incandes- 
cent mixture  of  pure  claj  and  carbon.  The  chloride  of 
silicium  obtained  in  this  way,  is  so  volatile  that  it  requires 
artificial  cold  for  its  condensation,  it  is  then  liquid,  colourless, 
and  according  to  an  experiment  of  M.  Koster,  its  density  is 
1,5 :  it  boils  at  50  centigrade.  Its  elasticity  is  an  obstacle 
to  the  formation  of  an  amalgam  of  silicium,  and  when  it  is 
obtained  the  silicium  may  be  extracted  in  the  state  of  a  brown 
metallic powderas  described  by  Berzelius^-ierw^ocV  BuUeHn, 
April, 

Selenium  from  Lukawilz  in  Bohemia. — ^There  is  a  consider- 
able manufactory  of  sulphuric  acid,  belonging  to  Prince 
Auerspeig,  at  Lukawitz,  in  the  circle  of  Chrudim  in  Bohemia. 
The  selenium,  as  at  Gripsholm  in  Sweden,  is  contained  in  the 
brownish  mud  depositea  in  the  lead  chambers.  According 
to  the  experiments  of  Professor  Steinmann,  of  Pirague,  this  mud 
contains  about  four  per  cent,  of  selenium.  The  ore  employ- 
ed for  extracting  the  sulphur  is  common  iron  pyrites,  imbedded 
in  mica  slate,  nofessor  Steinmann,  who  already  possesses  up- 
wards of  six  ounces  of  pure  selenium,  has  contrived  a  method 
of  concentration,  by  exposing  a  mixture  of  this  sediment,  or 
of  the  sulphur  containing  selenium,  extracted  from  it  by 
melting,  and  sulphuric  acid,  to  a  previous  distillation.'  The 
greatest  portion  of  the  sulphur  is  oxidized  and  driven  off  in 
the  shape  of  sulphurous  acid,  leaving  a  residue  in  which  the 
content  of  selenium  is  predominant,  to  be  treated  afterwards, 
as  usual,  with  nitro-muriatic  acid.  Sulphur,  containing  about 
twenty  per  cent,  of  selenium,  of  a  more  or  less  deep  orange 
yellow,  is  sold  tit  Pt-ague,  at  the  price  of  twelve  shillings  a 
pound.  Trials  have  be^n  made,  though  hitherto  unsuccessful 
ones,  to  mould  the  selenium  in  basso-relievos,  representing 
the  portrait  of  Berzelitis. — Brewster^s  Jour. 

Account  of  Ae  Protest  of  MM.  Thenar i  and  Darcet  for 
preserving  Substancis  from  Humidity. — On  the  27th  February 
1824,  there  was  read  at  the  Academy  of  Sciences  of  Paris, 
a  Memoir  by  MM.  Thenard  and  Darcet,  bn  the  employment 
of  fatty  bodies  for  making  coverings  and  unalterable  plasters, 
and  for  making  moist  places  salubrious.  This  process,  the 
effects  of  whicn  have  h€en  established  by  several  years  ex- 
perience, consists  in  causing  a  mixture  of  one  part  of  oil  anci 
two  parts  of  resin  to  penetrate,  by  means  of  an  intense  heat, 
either  porous  stones  or  plaster.  The  bodies  penetrated  with 
tills  mixture  acquire  afterwards  a  singular  degree  of  solidity, 
and  become  absolutely  impermeable  to  moisture. 
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Thi&  process  may  be  employed  for  rendering  low  and 
damp  places  salubrious.  It  was  tried  at  the  Soroonne,  tod 
the  expence  of  it  was  only  1 6  sous  per  square  metre,  or  a 
square  whose  side  is  3d  English  inches,  'the  other  objects 
to  which  it  is  proposed  to  apply  it  are  houses,  statutes  placed 
in  the  open  air,  bas  reliefs  ana  sculptures  in  plaster,  the  ceil- 
ings ana  walls  of  rpoms  .intended  for  Fresco  paintltnjgs^  basins 
for  holding  water,  and  reservoirs  fbr  holding  grain* 

.  M*  Theoard  exhibited  to  t^'  Adademy  several  oitnecis  of 
art  executed  ip  plaster  by  his  process.  In  order  to  show*  tts 
efficacy,  be  exposed  to  the  open  air  for  several  years  a  bas 
relief,  naif  pjf  which  was  formed,  of  ordinary  plaster,  whilk 
the  other  half  was  prepared.  This  last  half  was  perfebtly 
preserved^  while  the  other  displayed  visible  ttaces  of  'disiih 
Xegration.  This  process  does  not  resemb1e"those  whicb  con- 
sist  in  covering .  bodies  with  a  sort  of  skin  whieh  keej^  oflf 
humidity.  The  body  is  actually  penetrated  with  the  mixture 
to  the  depth  sometimes  of  severaJ.  inches* 

PopulaUon* — ^In  Cjreat  Britain,' the  number  of  individoak 
in  a  state  to  bear  arms,  from  tbe'ageof  15  t6  60^  is  ^,744,947. 
The  number  of  marriages  is  about  98,030  yearly ;  and  it  has 
been  remarked,  that  in  6S  of  th^se  tinidns  there  were  only'S 
which  had  no  issue.  The  number  of  deaths  is  abcvt  939,908 
yearly,  which  makes  nearly  35,592  monthty,  6S9ft  weekly,  M4 
daily,  and  40  hourly.  The  deaths  among  the  Women  ave  in 
proportion  to  those  of  the  men  as  50  to  54.  The  iioarri^  vmi- 
men  live  longer  than  those  who  contimie  in  celibafcy.'  In  tke 
country,  the  mean  term  of  the  humbcf  of  children  prbdtic^d  by 
each  marriage  is  4 ;  in  towns  the  proportion  ts'T'OTtiVeVy  two 
marriages.  jThe  number  of  married  women  is  to^tKe  geticral 
number  of  individnals  of  the  sex  as.  1  to  3  j  and  the  hutnbe^^f 
married  men,  to  that  of  all  the  individuals  of  ihiimt^  0^,  v 
3  to  5.  The  number  of  widows  is  to  that  of  w!ddw€fs  tt  3  to 
] ;  but  the  number  of  widows  whomarrr  agahi,  istc>  thSit^i^F 
dowers  in  the  same  case,  as  7  to  4.  The  individotilk  trtid  in- 
habit elevated  situations  live  longer  than'tb^c  who.  t^esiel^lii 
less  elevated  places.  The  half  of  the  fndividmTi  dielieMre 
attaining  the  age  of  17  years.  The  number  6f  ttrfrts^^fe'^ 
that  of  ordinary  births  as  1  to  65.  According  to  caldalftMBs 
iounded  upon  the  bills  of  mortality,  one.  in'dfvidtial^iQaibr'ti^ 
3136  attains  tbe  age  of  100  v^ars.  Thi^  numMarctf-'Urtba 
of  the  mate  sex  is  to  that  of  th^  female' sex "^s^ttt^^dk — 
Edin.J(mr.  '*'--.     -  ''^'  * 
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JVew  Method  of  prifttfing  Quills. — The  following  is  the 
manoer  in  which  M.  Schloz  of  Vienna  proceeds  in  th^  pre- 
paration of  quills  for  writing  by  means  of  which  he  renders  them 
more  durable,  and  even  superior  to  the  best  Hamburgh  quills. 
For  this  purpose  he  makes  use  of  a  kettle,  into  which  he  pours 
common  water,  so  as  to  occupy  the  fourth  part  of  its  capacity ; 
he  then  suspends  a  certainquantity  of  feathers  perpendicularlvi 
the  barrel  lowermost,  and  so  placed,  as  that  its  extremity  only 
may  touch  the  surface  of  the  water;  he  then  covers  the  kettle 
with  a  lid  properly  adjusted,  boils  the  water,  and  keeps  the 
feathers  four  hours  in  this  vapour  bath.  By  means  of  this 
process  he  frees  them  of  their  fatty  parts,  and  renders  them  soft 
and  transparent.  On  the  following  day,  after  having  scraped 
them  with  the  blade,  and  then  rubbed  them  with  a  bit  of  cloth, 
he  exposes  them  to  a  moderate  heat.  By  the  day  after,  they 
are  perfecdy  hard  and  transparent,  without,  however,  having 
the  inconvenience  of  splitting  too  easily, — J^cues  Kunsi  una 
Gewtrb-BL  April  1825. 

Method  of  using  pure  Muriate  and  Sulphate  of  Soda^  in  the 
Manufacture  of  Gktss^  by  M,  Ijeguay. — Muriate  of  soda  and 
sulphate  of  soda,  may  be  employed,  and  at  times  with  ad- 
vantage, in  glass-making.  A  casting  is  readily  obtained  of  very 
fine  glass,  having,  when  about  three  or  four  lines  in  thickness, 
a  very  slight  green  tinge.  Its  composition  is  as  follows :  de« 
cripitated  muriate  of  soda,  100  parts;  slaked  lime,  100; 
sand,  140;  clippings  of  glass,  of  the  same  quality,  from  50 
parts  to  ^0.  Sulphate  of  soda  likewise  offers  a  great  economy 
in  its  employment.  The  results  are  very  satisfactory.  The 
glasses  made  with  this  salt  were  of  a  very  fine  auality.  The 
lollowing  is  the  composition  :  dry  sulphate  of  soda,  1 00  parts ; 
slaked  lime,  12;  powdered  charcoal,  19;  sand,  225;  broken 
glass,  from  50  to  200.  These  proportions  give  a  rich  colour- 
ed glass,  which  may  be  employed  with  advantage  in  glass- 
houses, where  a  fine  quality  is  sought  after.  The  following  is 
the  second  way  of  operating  with  sulphate  of  soda ;  the  pro- 
portions may  oe  as  follows :  dry  sulphate  of  soda,  100  parts ; 
slaked  lime,  266;  sand,  500;  broken  glass,  from  50  to  200. 
According  to  this  process,  it  is  obviously  easy  to  operate  in  a 
r^lar  manner,  and  to  avoid  expensive  trials  in  the  manufac- 
ture.—-k/lnna/e«  de  P  Industrie  JfatumaU* 

On  jRuimatinV  Green* — This  colour  is  an  intimate  mixture 
of  the  protoxide  of  cobalt  and  the  oxide  of  zinc,  which  as- 
sumes a  very  lively  green  tint,  after  it  has  been  heated  to 
redness.    In  order  to  form  this  green,  suddenly,  as  if  by  the 
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eruptioD  of  a  volcano,  Q>ix  together  two  oarte  of  nitmte  of 
zinc,  and  one  part  of  subacetate  of  cobaUvegiKl  expose  the 
mixture  to  a  spirit  of  wioe  iarop  in  a  glass  elobe^  with  a  short 
neck.  This  mixture  soon  becomes  liquid,  and  appears  at 
first  of  a  rose-red  coloiur^  then  purple,  then.  bUfce»  Jb  an  in- 
stant it  inflames,  detonates,  becomes  dry,  and  assiunes.a  green 
colour.  The  product  is- scattered  upon  the  vessel  in  the  form 
of  small  rolleo  {eaves  of  tea. — BulL  des  Sc,  J^aU,  May  1824, 
p.  292. 

Singt^ar  Phmwrnuidstwed  hy  AL  Ramand  on  the  Pic  du 
Midur^When  Tfi.  Ramond  was  on  the  Pic  du  Midi,  be  observ* 
ed  his  own  shadow,  and  those  of  his  two  companions»project« 
ed  on  a  cloud  situated  a.  little  distance  above  ibeoi,  with  a 
distinctness  and  an  accuracy  of  outline  quite  ^ui^pi'iwg ;  but 
what  was  more  astonishiAgv  these  sliadojM  were  ^^reled  vokh 
glories^  shinning  wiih  the  most  hnllifmi  colours-  ^^  Those  who 
witnessed  xhis .  Bi^giuficeiH  .spe^Ocle,"  says  M«  Ramond, 
^^mightiiafc  supposed  th^at  tjiey  yfevi^  assisting  at  their  apoth* 
eosis.'^  Several  naturalists,  among  others,. Bouguer^  ana  the 
sons  of  Saussure,  have  seen  this  pbco^omenon  ;  but  none  of 
them  observed  this  distinctness  of  form,  which  can  only  be 
explained  by  the  smoothness  of  the  surface  of  the  cloud  upon 
which  the  shadow  was  projected.  With  respect  to  the  glory, 
Bougocr  supposed  that  it  might  arise  from  tfae^ecotnpositioB 
of  tiie  iiriit  produced  by  the  particles  of  ice  suspended  in  the 
cloud.  Thus  be  would*  say,  that  the  raj^  of  the  sun  being 
intercepted  at  the  place  occupied  by  the  shadow,  there  is 
produced  at  the  place  a  coldness,  and  the  icy  particles  be- 
coming more  numerous  there,  and  on  the  margin  of  th^  shad- 
ow, produce  the  decomposition  of  th^  lijht«-  M.  Ramond, 
however,  ofajeets  to  this  explanation,  and  considers  it'  as  cer^ 
tain,  that  the  cloud  on  whicti  his  shadow  was  projected  could 
not,  from  the  temperature  of  the  He,  have  then  held  any  icy 
particles  in  suspension. 

On  Ae  Powerful  Effect  of  Buming-GUuaes  ai  great  He^^«— 
The  extreme  transparency  of  the  air  on  high  mountains, 
which  hinders  the  calorific  rays  which  traverse  it  from  heat* 
ing  it  directly,  g^ves  rise  to  several  effects  <difiereDt  from  those 
we  observe  on  the  surface  of  the  earth*  The  :  beat  of  the 
ground,  for  example,  which.  abfiOirba  the  solsr  rays  on  those 
summits,  is  often,  as  M*  Raosond  observes,  out  of  all  propor- 
tion to  that  of  the  atmosphere^  Whentfatse  rays,  tbereioiie, 
are  collected  in  the  focus  of  a  lens,  they  havfe  mttchvgreater 
power  than  when  they  travoirse  a  thick  and  less  transparent 
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atmosphere.  He  found  that  a  lens  of  a  very  small  diame- 
ter was  sufficient  to  set  fire  to  bodies,  which  a  lens  of  double 
the  diameter  wouW  scarcely  heat  in  lower  regions.  M.  Ra- 
mond  supposes  that  the  temperature  of  the  diffcrerit  colours 
of  the  spectruMi  might  be  well  ascertained  on  lofty  stnnmits. 

The  Memohr  of  M.  Ramond,  Which  contains  these  two  no- 
tices, is  entitled,  On- the  Mtttorology  of  the  Pic  du  Midi^  and 
was  read  at  the  Academy  of  Sciences,  on  the  13th  of  March 
1826.— Le  Gl(Ae,  March  16, 1826. 

Selenium  in  ike  Sulphur  of  the  Lipdri  fslemds.^^M.  Stromeyer 
has  discovered  Selenium  in  sulphur  from  the  Lipari  Isiands, 
alternating  in  white  and  brownish  orange  layers,  with  sal  am- 
moniac. It  Is  probable  that  the  orange  tint  of  the  sulphur 
arises  from  the  Selenium. 

Pfunsian  Btue  in  the  Soda  of  Sicily. — In  thre^  parcels  of 
soda  from  Sicily,  M.  Brandes  has  obtained  Prussian  blue. 
When  he  heated  the  soda  with  warm  water  in  a  white  iron 
vessel,  he  obtained  mruch  more  of  the  Prussian  blue  than 
when  he  dissolred'  it  in  a  porcelain  dish.  Ar(A.  dts  Apoth. 
ver.  182S,  No.  3.  p.  21 5. 
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Ceksiial  Phenomma  fay  the  immMs.  of  StpUnkber  and  OetfAer^ 
1826,  computed  for  Cmbridgeyin  lot.  49''  28'  28'^  iV.  andkng. 
71°r2i5"  W".    JMeantime.    Communicated  by  R.  T. 

£sq.  ... 

September^  1826. 

IX  0.  M.  S. 

9  ...       OccuUatioH  of  1  m  f. 

<^  8  .i>5  5Q  P.  M.  Conjunction  in  tlie  Ecliptic. 

"  9  42  ^7    *'       Immersion  i5',7  2     North. of 

*^  10  10  04    "       Emersion    13,1  S  3)  ^s  centre. 
10                                Occultation  of  d  f . 

9  11  20  57    ^       Conjunction  in  tlie  Ecliptic. 

10  0  10  16  A.  M.  Immersion  l',5  N.  of  ]>'s  centre. 

«  0  41             "       Moon  sets. 
14                               Oeeultatiott  of  Si  tula. 

«  7  28  02  P.  M.  Conjunction  in  the  Ecliptic. 

**  6  18  44    "       Immersion  C,  3  ^  S.  of  ^  's 

«*  7  26  56    «       Emersion    1,13    centre.' 
16                                    Great.  Elong.  of  $f  W.  of  Q. 

18  4                  A.  M.  <$  O  and  ^. 

23  9  47  ^0    ^^       O  OBters  ^  Atttann  begim. 
28                                  9  stationary. 
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29      7  A.  M.  n  of  h  \J.  of  0. 

October  1826. 

59  "       *   ])  and  i  tij^. 
P.  M.  Sup.  <5  of  S . 

Greatest  Elong.  of  9  £.  of  Q. 
P.  M.  D  of  »  E  of  ©. 
Occyliation  of  «*  3C- 
56  P.  M.  Conjunction  in  the  Ecliptic. 
4      "      Immersion  4'ft  }  South  of 
36      "      Emersion    5,  8  ^  ^ '»  centre. 

12  Stationary. 
20  A.  M.  Im.  2d.  Sat  of  Jjjf . 

51  "       Im  1st  Sat.  of  ^. 
OccuUation  of  1  x  Orionis. 

S6  A.  M.  Conjunction  in  the  Ecliptic. 
19     "       Immersion  0^,5  \  South  of 

60  ^       Emersion    0^  5  1^  ^  centre. 
9  P.  M.  O  enters  ii|. 

59  A.  M.  Em.  J^  dd.  Sat 
6  P.  M.  <{  O  and   3   O  partiany  ediftfed, 
invisible. 

Oeculiation  of  Mercury. 
44  p.  M.  ConjiHietion  in  the  Ecliptic 
55      '^      Immersion  9^8  >  North  of 

52  ^^      Emersion.    3^4  )  ^  's  centre. 

The  eclipse  of  the  Sun  of  the  thirtieth  of  October,  trill  be  vis- 
ible to  a  small  part  of  the  earth,  south  of  the  antarctic  circle,  but 
so  great  will  be  the  moon's  distance  from  the  node,  that  in  no 
place,  will  more  than  one  tenth  of  the  tan's  disc  be  obioired. 

The  eclipses  of  the  satellites  of  Jupiter  will  be  invisible  during 
the  greater  part  of  the  above  months,  en  the  account  of  the  plan* 
et's  proximity  to  the  Sun  ;  towards  the  end  of  October,  however, 
three  will  be  visible. 

The  occultations  are  uncommonly  numerous ;  those  which  will 
happen  on  the  evening  of  the  ninth  of  September,  will  be  very 
beautiful,  as  the  stars  are  of  considerable  magnitude  and  the  im- 
mersions will  take  place  behind  the  dark  limb  ef  tbe  meon« 

Boston,  July  25, 1826. 
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Art.  XLYTIT. — Bioffraphkal  Men^r  qfih$  late  Henet  Kuhl, 
Doctor  of  Natural  History,  &c.  &c.* 

Henry  Kuhl,  was  born  at  Ha;Dau,  on  the  17th  September 
1797.  His  father,  John  Henry  Kuhl,  was  president  of  the 
provincial  court  of  judicature,  an  office  which  he  still  con- 
tinues to  discharge.  His  mother,  Maria  Judith  Walther, 
who  died  at  an  advanced  age,  was  the  daughter  of  Frederick 
William  Walther,  who  was  Counsellor  of  State  at  Hanover. 

Kiihl,  who  was  by  nature  endowecl  with  an  excellent  ge- 
nius, was,  from  his  earliest  years,  so  fond  of  the  study  of 
natural  history,  that  he  usually  de^voted  to  it  ail  his  spare 
hours  after  the  ordinary  labours  ^f  the  school  had  been  per- 
formed. He  ha[)pened  to  be  bora  at  a  time  and  in  a  country 
which  were  particularly  f|»vourai34e  *  to  the  cultivation  of  his 
genius;  for  no  one  1^411  (Jeny  th^t  the  discoveries,. by  which 
many  parts  of«j|pa|nr^htfillory^haye  of  late  years  been  eluci- 
dated, are  in  no  small  degree  to  be  attributed  to  the  natural- 
ists on  the  Mayae*         .   . 

In  the  number  of  these  were  many  friends  of  his  father, 
such  as  Leisler,  'Meyer,  Oasrlner,  and  De  Leonhard.  The 
two  former  intrnducefd  him  to  the  study  of  geology,  Gsertner 
to  tjbal  gif  b(>i;^9  ^hUe  l^^^nhdrd  taught  him  that  of  miner- 
alogy in  gieneral«  But  he  was  especially  indebted  to  the  care 
of  Leisler,  who,  .being  without  children  himself,  and  knowine 
Kiihl  iQ  be  very  fond  of  the  study  of  natural  history,  ana 
posseased-pf.  great  talentSy  took  him  into  his  society,  which 
proved  of  the  greatest  ackantage  to  him.  For  Leisler  was 
president  df  the  aasocktien  which  had  been  formed  at  Hanau 
not  long  before,  for  the  sale  and  exchange  of  objects  of  natural 
history,  and  an  opportunity  was  thus  aflTorded  him  of  hand- 
ling and  examining  these  objects.  He  himself  collected  new 
specimens,  for  the  museum,  in  the  surrounding  country,  and 
transmitted  them  In  a  sufficiently  finished  condition  [  and  be- 
sides, freed  his  friend  of  much  of  the  labour  to  which  his 
literary  connexions  subjected  him.-  He  met  him  daily  at 
those  hunting  excursions  which  proyed  of  so  much  benefit  to 
the  ornithology  of  Europe,  accompanied  him  on  these  expe- 
ditions, and,  in  short,  was  conducted  by  him  into  the  only 
'  -  -  -  -  - 

*  Prepwred  from  the  Memoirs  of  the  Academia  Cciarea  of  Leopoldioo- 
CaroliosB. 
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f)ath  by  which  the  assiduous  investigator  of  nature  can  be 
ed  to  acquire  a  true  knowledge  of  the  objects  of  his  pursuit* 
The  consequence  was,  th^t  Kiihl,  while  yet  a  boy,  was  much 
better  acquainted  with  these  objects  than  often  falls  to  the 
lot  of  people  considerably  advanced  in  years.  In  this  man- 
ner he  obtained  a  much  more  complete  knowledge  of  the 
natural  productions  of  the  country  of  Hanau  than  could  have 
been  expected  at  his  early  age  ;  and,  at  the  same  time,  so 
improveci  the  natural  acumen  of  his  mind,  that  he  afterwards 
detected,  in  other  parts  of  the  earth,  objects  which  had  ehid* 
ed  the  observation  of  many  naturalists* 

Without  allowing  their  proper  weight  to  these  circumstan^ 
ces,  it  will  scarcenr  be  credited  that  Kiihl,  when  only  nine- 
teen years  of  age,  had  already  gone  overthe  whole  range  of 
mineralogy  under  the  instruction  of  Leon  hard,  examined  a 
great  number  of  the  plants  growing  in  Wetteravia,  with  the 
assistance  of  Ga&rtner,  and  acquired  a  knowledge  of  all  the 
quadrupeds,  birds  and  fishes,  of  the  middle  parts  of  Europe. 
Besides,  at  this  age,  he  published,  in  the  Wetterauen  Anna- 
len,  vol.  iv.,a  paper  on  the  bats  of  Germany,  in  which  several 
species  were  described  for  the  first  time  by  himself.  After 
Ijeisler's  death,  which  happened  on  the  18th  November, 
1813,  he  undertook  the  charge  of  the  zoological  department 
of  the  institution  mentioned  above,  for  the  sale  and  exchange 
of  natural  curiosities.  Nor  were  his  scientific  pursuits  inter* 
rupted  by  the  accession  of  these  new  labours ;  for  althou^ 
he  managed  nearly  the  whole  business  himself,  he  so  assidu- 
ously cultivated  them  as  to  be  taken  notice  of  by  the  most 
illustrious  naturalists  of  our  time. 

After  having  undergone  the  usual  preparatory  exercises  in 
the  Latin  school  of  Hanau,  he  determined  to  proceed  to  the 
University  of  Heidelberg,  with  the  design  of  devoting  his 
whole  life  to  the  study  of  natural  history,  and  the  resolution 
of  patiently  submitting  to  all  the  inconveniences  which^  from 
the  want  of  sufficient  pecuniary  resources,  he  forsaw  could 
not  be  avoided,  in  the  pursuit  of  this  science.  On  this  occa- 
sion he  writes  in  the  following  manner  to  his  friend  Bojes : 
*^What  literary  profession  I  shall  follow,  I  do  not  know* 
This  I  know,  however,  that,  without  the  study  of  natural  his- 
tory, I  cannot  live.  I  therefore  wish,  with  all  my  heaTt,  that 
whatever  situation  I  may  have  in  future,  it  may  leave  for  me 
a  few  by-hours,  in  which  I  may  indulge  in  those  investigatiotis 
which  are  of  all  others  the  most  agreea^ble  to^^e.  I  do  not 
seem  to  have  been  bom  for  the  study  of  law,  which  some 
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Tccommend  to  me  to  follow ;  and  so  I  imagine  my  best  plan 
trill  be  to  study  medicine.  But  I  should  gladly  renounce 
this  also,  the  moment  an  opportunity  might  ocour,  that  I  might 

SiVe  myself  wholly  up  to  natural  history.  But  if  this  do  not 
appen,  I  shall  accommodate  myself  to  circumstances,  and 
study  medicine,  for  physicians  are  required  all  the  world 
over;  and  when  my  studies  are  finished,  I  shall  endeavour, 
if  possible,  to  get  out  to  America,  or  wherever  fortune  may 
lead." 

He,  therefore,  in  the  month  of  September,  1816,  had  made 
up  his  mind  to  go  to  Heidelberg,  when  Theodore  Van  Swin- 
deren,  one  of  the  Groningen  professors,  becoming  acquainted 
with  him,  prevailed  upon  him  to  follow  him  to  Groningen. 
This  arrangement  was  fortunate  for  Kiihl ;  for  although  his 
genius  and  assiduity  would  have  led  him  to  eminence,  inde- 
pendently of  Swinderen,  yet  this  object  could  only  have  been 
attained  by  a  longer  way,  and  after  much  time.  For  with 
what  difficulties  would  he  have  had  to  struggle,  and  how 
many  sources  which  Holland  disclosed  would  have  been  lost 
to  him  f  But  here,  under  an  entirely  different  sky, — in  the 
midst  of  other  plants  and  other  animals, — in  the  vicinity  of 
the  sea,  which  he  had  long  wished  to  behold,  and  access  fur- 
nished to  the  rich  collections  of  Holland, — he  daily  saw  new 
objects  to  excite  afresh  his  thirst  after  knowledge.  In  short, 
he  there  found  opportunities  of  improvement  which  few  other 
places  could  better  afford. 

Difficulties,  however,  occurred,  which  presented  obstacles 
to  his  departure  for  Holland ;  but  these  were  removed  by 
the  kindness  of  Swinderen,  who  felt  much  interested  in  him, 
and,  moreover,  was  influenced  by  the  hope  that  he  would 
prove  an  honour  to  the  university  of  which  he  himself  was 
a  member.  At  the  end  of  September,  1^16,  Kiihl  arrived  at 
Groningen,  and  from  this  time  they  pursued  their  studies  to* 
;ether.  It  happened  that  Swinderen  had  then  commenced 
lis  lectures  on  Natural  History,  which  being  on  a  larger 
scale,  usually  occupied  four  Vjpars  in  continuance,  whereas 
his  ordinary  lectures  were  miished  within  a  year.  Kiihl, 
therefore,  was  adi&itted  into  the  number  of  his  hearers ;  nor 
was  be  merely  a  hearer,  but  also  an  assistant*  This  year, 
although  he  attended  De  la  Faille  and  Bakker  on  natural  phi- 
losophy and  anatomy,  he  was  chiefly  occupied  in  the  study  of 
natural  history,  connning  himself  to  the  mammalia,  and  mak- 
ing choice  of  a  more  precise  method  in  treating  these  differ* 
ent  subjects,  than  is  usuall/followed.    With  regard  to  Swior 
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deren's  lectures  on  quadrupeds,  this  is  suflSciently  attested  bj 
his  prize  essay,  in  which  be  very  ingeniously  explained  the 
gradual  manner  in  which  the  animals  of  this  class  pass  into 
each  other.  There  needs  be  little  wonder,  then,  if  he  gained 
the  gold  medal. 

Previous  to  1816,  the  year  in  which  he  carae  to  Groningen, 
the  zoological  knowledge  which  he  bad  acquired,  included 
only  indigenous  animals,  as  he  had  seen  but  very  few  exotic 
ones.  On  this  account,  however  accurately  he  knew  indige* 
nous  aniiijals,  and  their  mode  of  living,  be  yet  wanted  some 
general  prospectus,  without  which  there  can  be  no  order  ia 
the  study.  He,  therefore,  first  of  all  read  Illiger's  Frodro- 
mus,  which  Swindei'en  followed  in  his  lectures  on  quadrupeds 
and  birds.  But  he  did  not  confine  himself  to  merely  reading 
it,  but  at  the  same  time  diligently  compared  each  description 
with  the  object  itself  in  the  museum.  In  this  manner,  during 
the  first  period  of  his  residence  here,  he  passed  five  days  of 
the  week ;  but  on  Saturday  he  made  an  excursion  to  this  or 
that  village  along  the  coast,  in  order  to  collect  fishes  or  birds. 
On  the  winter  holidays  of  this  year  he  made  journeys  to 
Amsterdam,  Harlem,  and  Leyden,  in  which  he  visited  Tem- 
minck,  as  well  as  the  elder  Voigtius,  who  sold  him  many  nat* 
ural  objects,. among  which  were  several  that  he  had  never 
seen  before.  He  also  met  with  other  learned  men,  such  as 
Brugmans,  the  Leyden  professor.  Van  Marum,  a  medical 
practitioner  at  Harlem,  and  others.  He  also  stayed  several 
days  in  the  town  of  Lisste,  with  Temminck,  in  order  to  collect 
the  animals  of  that  district,  and  dissect  them. 

During  the  Whitsuntide  vatation,  he  made  an  excursion  to 
the  island  of  Rottus,  where  he  not  only  obtati^  many  natu- 
ral objects,  but  also  made  an  agreement  with  the  keeper  of 
the  island,  that  he  should  transmit  to  him  whatever  might 
chance  to  be  cast  ashore  upon  it.  The  consequence  of  these 
journeys  was  an  abundant  supply  to  almost  all  the  collections 
in  Germany  of  seals  and  rare  marine  birds. 

When  he  had  returned  home  during  the  summer  vacation 
of  1817,  he  acquired  a  knowledge  of  many  expensive  works 
in  the  library  of  the  Societjr  of  Wetterau,  and,  during  the 
same  vacpition,  he  made  a  trip  from  Hanau  to  Heidelberg, 
where  he  met  with  Tiedemann,  a  verv  accomplished  and 
learned  man,  who  favoured  him  with  useful  advice  regarding 
his  studies,  and  presented  him  with  some  of  his  celebrated 
works.  By  this  time  he  had  acquired  so  eminent  a  name  in 
his  own  country,  that  he  was  elected  a  member  of  the  KatiH 
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ral  History  Society  at  Marburg,  as  well  as  of  that  which  has 
been  instituted  at  Hanau,  under  the  name  of  the  Wetterau  So- 
ciety, for  promoting  the  study  of  every  department  of  Natural 
History.  And,  in  the  end  of  the  following  year,  on  the  20th 
December  1818,  he  ^as  made  a  member  of  the  Academia 
Cffisarea  Leopoldino*Carolinse,  under  the  name  of  Johnson. 

On  the  12th  August  he  passed  the  Rhine,  accompanied 
with  a  large  party,  in  which  were  Leonhard  and  his  family, 
and  returned  to  Groningen,  by  Newied,  Duisburg,  Utrecht, 
Leyden  and  Amsterdam*  At  newied  he  was  introduced  to 
Prince  Maximilian,  lately  returned  from  his  journey  through 
Brazil,  who  received  him  very  graciously.  In  the  same 
manner  he  was  received  at  Utrecht  by  Professor  Premier, 
Passing  through  Leyden  he  so  gained  upon  the  u^gard  of 
Brugmans,  that  after  he  had  taken  him  through  tl^  public 
musuem,  and  shewn  him  the  collection  of  natural  objects 
which  he  possessed,  as  well  as  his  splendid  library,  he  frank- 
ly offered  him  twice  the  salary  which  he  had  at  Groningen, 
if  he  would  remain  at  Leyden.  What  an  inducement  to  a 
youne  man,  inflamed  with  the  desire  of  knowledge !  The 
double  salary  was  less  an  object  of  importance  with  him ;  but 
how  great  the  difference  between  the  Leyden  musuem  and 
that  at  Groningen,  between  the  Leyden  apparatus  and  that 
which  the  Groningen  University  at  that  time  possessed !  be- 
tween Brugmans'  library  and  the  one  at  Groningen !  How 
great  the  conflict  between  the  love  of  knowledge,  and  the 
desire  of  discharging  his  duty !  But  duty  prevailed :  ^^  I  am 
too  much  bound  to  Swinderen,''  he  replied,  ^^  to  remain  with 
any  other  than  him,  during  my  stay  in  Holland."  So,  in  the 
beginning  ol  September,  he  returned  to  Swinderen,  like  a 
new  gift.  He  received  a  gold  medal  from  the  faculty  of 
Groningen  as  the  reward  of  his  industry,  and  was  admitted 
by  the  Physical  and  Chemical  Society  into  the  number  of  its 
members. 

In  the  second  year  which  he  spent  at  Groningen,  he  attend- 
ed the  lectures  of  Driessen  on  Chemistry  and  Botany ;  of 
Bakker  and  Wilkens  on  vegetable  and  human  anatomy  and 
physiology ;  of  Swinderen  on  the  Natural  History  of  Birds, 
and  in  this  department,  of  which  he  was  particularly  fond, 
and  which  he  had  ahready  assiduously  cultivated,  he  was 
frequently  not  merely  a  hearer,  but  also  an  assistant,  as 
Swinderen  himself  testifies.  Besides,  he  turned  his  attention 
to  the  history  of  exotic  plants  and  animals,  as  well  as  to  com- 
parative anatomy ;  while  at  the  same  time  he  dis&ected  and 
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diligently  described  the  whole  of  the  indigenous  birds  and 
fishes,  and  defined  the  coloured  figures  of  birds  published  bj 
Bufibn.*  The  discoveries  which  he  made  in  dissecting  the 
various  kinds  of  animals,  were  afterwards  published  in  the 
second  volume  of  ^  Additamenta.'^ 

During  the  long  vacation  of  1818,  he  made  a  journey  on 
foot  through  Germany  with  his  friend  Van  Hasselt*  They 
left  Groningen  on  the  last  of  June,  and  already  on  the  third 
day  after  their  departure  had  reached  Bremen,  thirty-six 
hours' journey  distant  from  the  city  of  Groningen,  where  they 
were  kindly  received  by  Albers,  Treviranus  and  Mertens. 
In  the  musuem  of  this  city,  there  was  a  remarkably  good 
zoological  collection,  and  Albers'  private  cabinet  was  well 
stored,  particularly  in  comparative  anatomy.  Kiihl  took 
notes  of  every  thing  that  he  saw.  From  Bremen  they-  went 
to  Brunswick  by  Cella,  and  there  they  visited  the  Duke's 
collection,  which  is  very* rich  in  preparations  of  amphibia, 
both  anatomical  and  osteological,  while  it  is  at  the  same  time 
well  supplied  with  birds.  From  thence  they  9et  out  without 
delay  for  Berlin,  where  they  arrived  on  the  2d  or  3d  of 
July. 

Immediately  after  their  arrival,  they  visited  Lichtenstein, 
whom,  having  known  two  years  before,  they  found  a  very 
accomplished  man,  as  well  as  a  very  learned  zoologist. 
^  He  treated  us,"  says  Kiihl,  in  a  letter  to  Swinderen,  '*  as  if 
we  had  been  his  own  children  ;  and  whenever  we  visited  the 
Royal  Museum,  or  Lichtenstein's  own  library,  we  commonly 
supped  at  his  house.'' 

In  this  manner  they  spent  some  weeks  in  Berlin,  applying 
to  their  studies  with  the  utmost  diligence ;  and  the  last  days 
of  their  stay  were  further  improved  to  them  by  the  arrival 
of  the  celebrated  Temminck.  From  thence  they  proceeded 
to  Halle,  where  they  met  Professor  Nitzsch,  ana  other  natu- 
ralists ;  to  Leipsig,  Dresden,  and  into  German  Switzerland, 
and,  lastly,  to  Jena,  being  every  where  received  in  a  friendly 
manner. 

Kiihl  also  paid  a  visit  to  Naumann  upon  this  journey,  and 
the  respect  which  he  had  before  entertained  for  this  celebrat- 
ed ornithologist,  was  by  no  means  diminished  by  his  personal 
acquaintance  with  him.  As  the  time  allotted  for  their  excur* 
sion  was  now  drawing  to  an  end,  they  spent  the  remainder  of 

*  Buffonii  et  Daubetonii  Figuarnm  Avium  colorataram  nomioa  systemati- 
ca*   GroniAgKi  1880. 
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the  vacation  in  the  house  of  KiihPs  father,  making  a  ishort 
journey  to  Heidelberg,  where  Tiedcmann  gave  them  very 
useful  advice,  with  regard  to  the  manner  in  which  compara- 
tive anatomy  should  be  treated. 

From  thence  they  returned  to  Gronin^en,  on  the  21st  of 
September.  In  this  year  Swinderen  read  his  fuller  lectures 
on  the  cold-blooded  animals,  and  the  three  great  divisions  of 
the  invertebrata,  in  which  he  very  ingenuously  confesses  that 
he  was  not  less  studiously  assisted  by  Kiihl  in  respect  to 
mental  than  in  manual  labour.  As  an  example  of  his  indus« 
try  and  proficiency  in  this  department,  we  may  mention  that 
he  described  the  Kobelian  Collection  of  Inspects,  which  was 
purchased  at  this  time,  in  such  a  manner  as  few  collections 
in  Europe  have  been  described. 

It  is  also  due  to  him  to  state,  that  he  ^ve  excellent  defini- 
tions of  most  of  the  amphibia  depicted  m  Seba's  Thesaurus, 
by  which  means  Swinderen's  copy  is  rendered  of  the  great- 
est value;  and  Swinderen  further  states,  that,  at  the  request 
of  several  of  the  most  eminent  naturalists,  he  described  many 
things  relating  to  this  explanation  of  Seba's  plates,  and  trans- 
mitted them  to  them ;  and  it  would  be  of  advantage  to  science, 
as  well  as  creditable  to  our  author,  that  this  work  were  pub- 
lished, since  the  Index  to  Bufibn  and  Daubenton  is  already 
before  the  public.  But  it  is  a  matter  of  much  regret,  that 
Kiihl  never  completed  the  plan  which  he  had  entered  upon, 
of  defining  the  whole  of  Seba^s  work  ;  from  doing  which,  as 
well  as  from  composing  many  other  excellent  works,  he  was 
prevented  by  his  journey  to  India,  and  ultimately  by  his 
premature  and  lamented  death. 

We  have  thus  come  to  another  and  very  important  period 
of  his  life,  to  the  time  when  he  prepared  for  nis  journey  to 
India;  which  happened  in  the  following  manner. 

Having  gone,  in  his  accustomed  manner,  during  the  short 
vacation  of  the  Christmas  season,  to  Holland,  in  order  to  in- 
spect the  specimens  of  objects,  with  which  he  was  only 
acquainted  by  means  of  descriptions,  on  account  of  the  limit- 
ed nature  of  the  collections  at  home,  he  betook  himself  to 
Temminck,  at  Amsterdam,  with  the  view  of  defining,  along 
with  him,  the  collection  of  fishes  which  he  had  either  brought 
home  himself  in  the  preceding  summer,  or  had  received,  from 
the  Mediterranean.  And  bein^  reauested  by  this  celebrated 
naturalist  to  undertake  along  with  nim  the  description  of  his 
splendid  ornithological  collection,  he  undertook  a  selection  of 
toe  Index  published  by  Latham,  as  a  prodromus  of  his  Gene* 
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ral  Synopsis  of  Ornithology,  a  work  of  much  labour ;  by 
which  Kiihl,  with  the  guidance  of  Temminck,  and  the  use  of 
bis  admirable  library,  indeed  made  remakable  progress  in 
the  knowledge  of  exotic  species,  but  which,  being  deficient 
in  the  lately  discovered  species,  has  yielded  to  the  Planches 
colorees^  which  are  now  published  by  Temminck  and  Laugier. 
While  Kiihl  was  thus  occupied  at  Amsterdam,  Swinderen 
received  a  letter  at  Groningen,  by  which  intimation  was  given 
of  his  being  appointed  to  undertake  a  journey  at  (he  public 
expense.  A  letter  was  also  transmitted  to  Kiihl  himself,  by 
the  King^s  minister  and  counsellor  for  public  institutions  of 
teaching  works  of  art,  and  the  colonies,  to  the  following 
efiecl :  That  his  Majesty  from  what  had  been  reported  to  him 
of  his  knowledge  in  the  various  departments  of  natural  histo- 
ry^ his  love  of  science,  and  the  ardent  desire  which  he  pos- 
sessed for  the  extension  of  knowledge,  had  selected  him,  as  a 
young  man,  who  might  be  sent  with  advantage  to  one  or  more 
of  the  colonies  belonging  to  the  state,  in  order  to  lay  before 
the  learned  of  his  own  country,  and  of  Europe  in  general, 
the  still  hidden  treasures  whicli  nature  had  so  largely  be- 
stowed upon  them. 

Nearly  at  the  same  time,  the  minister,  thinking  it  absolutely 
necessary,  in  order  to  insure  the  success  of  the  undertaking, 
that  Kiihl,  before  setting  out,  should  be  well  acquainted  with 
the  full  progress  which  science  has  made  in  Europe,  persuad* 
ed  the  king  to  order  him  to  proceed  to  London  and  Paris,  at 
the  public  expense.  This  intelligence  produced  the  most 
lively  emotions  in  the  mind  of  Kiihl,  and,  in  a  letter  to  Swin- 
deren on  this  occasion,  he  writes  as  follows : — ^^  I  was  so  agi- 
tated by  the  message,  that  I  did  not  know  what  to  do  for  joy. 
Much,  indeed,  am  I  indebted  to  you  and  Temminck,  nor  shall 
I  ever  forget  the  many  good  offices  which  you  have  per- 
formed to  me.  It  was  always,  indeed,  my  firm  resolution  to 
devote  myself  entirely  to  science,  but  with  how  many  impedi- 
ments should  I  have  had  to  struggle,  had  I  not  been  so  fortu* 
'  nate  as  to  become  acouainted  with  you.  My  residence  at 
Gronineen  was  amon^  the  most  agpeeable  periods  of  my  life, 
and  will  always  remam  so ;  nor  shall  I  ever  forget  the  happy 
days  in  which  I  there  commenced  my  studies." 

On  the  3d  of  April,  he  set  out,  accompanied  by  Trem- 
minck  and  Lichtenstein,  for  London,  where  he  was  kindly 
received  by  all  the  learned.  Almost  all  of  them  presented 
him  with  specimens,  or  at  least  gave  him  free  access  to  their 
collections,  that  he  might  have  an  opportunity  of  drawing  or 
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describing  whatever  he  deemed  of  importance.  He  there 
entered  minutely  into  the  studv  of  the  mammalia,  birds  and 
amphibia  of  New  Holland,  the  description  of  the  natural 
history  of  which,  having  already  collected  much  with  regard 
to  it  at  Berlin  and  Amsterdam,  he  had  in  view  to  finish  the 
following  winter  at  Paris*  He  found  a  great  abundance  of 
these  animals  in  London,  as  the  Linnean  Society  was  in  pos* 
session  of  a  very  extensive  collection  from  New  Holland, 
which  had  not  previously  been  described.  In  the  course  of 
a  few  days  he  described  and  arranged  fiOO  of  these  animals. 
He  also  found  much  useful  matter  ior  his  monographs  on  the 

Senera  Faico  and  Psittacus  (the  former  of  which,  however, 
as  not  been  published);  and  acquired  a  knowledge  of  all 
the  objects  which  had  been  brought  home  by  the  last  polar 
expedition.— The  Banksian  Library,  which  contains  an  im* 
mense  collection  of  books  on  natural  history,  being  open  to 
all  who  profess  that  science,  was  visited  by  him  between  the 
hours  of  ten  and  four ;  and,  among  the  sketches  made  by 
Forster  and  Sir  Joseph  Banks  himself,  he  found  many  things 
of  great  importance.  Ifi  this  library  he  also  began  the  com* 
pilation  of  an  Indian  Fauna,  which  he  intended  to  make  use 
of  in  the  colonies  which  he  was  abdut  to  visit.-— Access  being 

g'ven  him  to  Bullock's  Museum,  which  was  then  proposea 
r  sale,  from  ten  to  five,  he  attended  during  these  hours,  to 
acquire  a  knowledge  of  the  specimens  in  that  ^reat  collec-. 
tion,  and  describe  and  name  what  was  new.  With  regard  to 
mammalia,  this  museum  possessed  few  that  were  not  pre- 
viously known ;  but  of  birds  he  described  upwards  of  100 
new  species,  and  corrected  the  descriptions  of  a  great  many 
more.'— He  experienced  much  kindness  from  Mr  Ayton,  the 
manager  of  the  botanical  garden  of  Kew ;  and  also  met  with 
Decandolle,  who  was  then  consulting  the  herbaria  of  Smith 
and  Brown  for  his  great  work.  In  the  Banksian  Museum  he 
became  acquainted  with  a  gentleman,  who  having  command- 
ed the  British  army  in  America,  had  there  collected  a  great 
store  of  zoological  subjects ;  and  this  acquaintance  turned 
out  of  much  importance  to  him  with  regard  to  the  object  of 
his  journey,  for  this  gentleman  was  enabled,  from  his  own 
experience,  to  furnish  our  traveller  with  circumstantial  direc- 
tions in  respect  to  the  mode  of  travelling  in  hot  countries,  and 
was  of  much  assistance  to  him  in  procuring  the  articles  ne- 
cessary for  his  journey. 

Before  leaving  England,  Kiihl  made  an  excursion,  along 
-with  Laugier  and  a  Breslau  student,  through  the  south  of 
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England,  visiting  Oxford,  Windsor,  Bath,  Bristol,  Seyernv 
Southampton,  the  Isle  of  Wight,  and  Plymouth.  Wherever 
he  came  to  the  sea,  he  collected  natural  objects;  and  many 
beautiful  shells,  both  terrestrial  and  aquatic,  were  given  by 
him  to  the  Groningea  Museum,  as  a  memorial  of  his  loumey* 

During  the  short  time  which  he  spent  in  Holland,  aa 
honour  was  conferred  upon  him  which  is  seldom  given  to 
students,  he  having  been  promoted  to  the  degree  of  Master 
of  Philosophy  and  Doctor  of  Natural  History,  on  the  6th 
August ;  as  an  acknowledgement  for  which^  he  presented  tO' 
the  Museum  of  the  University  four  new  genera  of  birds  of 
the  rarest  kind,  Pozophorus,  Mellipliaga,^  Menura  and  Ap- 
tenodytes. 

In  tne  beginning  of  September^  accompanied  with  his  friend 
Cremersius,  whose  loss  we  have  now  also  to  deplore,  and 
with  Van  Hasselt,  he  returned  by  Brussels,  Naumur,  (where 
he  met  with  Professor  Galdius,)  Aix-la-Chapelle  and  Newied, 
(where  he  consulted  Prince  Maximilian  with  regard  to  his 
intended  purney)  to  Hanau,  where  he  remained  with  his 
father  for  some  time,  while  hi6  friends  Cremersius  and  Van 
Hasselt  made  an  excursion  through  Switzerland^ 

In  the  beginning  of  November  he  left  his  fiather  and  went 
lo  Strasburg,  in  order  to  meet  his  friends  there,  according  ta 
promise,  and  continue  his  journey  with  them  to  Paris.  The 
end  which  he  had  in  view,  in  undertaking  this  journey,  was 
to  study  the  invertebrate  aninals  a  second  time,  under  the 
direction  of  Cuvier  and  Lamarck ;  te  examine  thf  herbariuni 
made  a  short  time  before  in  Java  by  Leschenault,,  and  hith- 
erto known  to  few;  but,  above  all,  by  making  use  of  the  rich 
collection  of  amphibia  in  Paris,  to  brmg  more  quickly  to  n 
conclusion  the  system  of  amphibia  which  he  had  been  busied 
in  for  two  years  back. 

Besides,  as  he  had  seen  all  the  collections  in  Berlin  and 
London,  he  was  anxious  to  inspect  those  which  yet  remained 
in  abundance  in  Paris*  For  which  purpose,  Kufal  and  Van 
Hasselt  having  taken  lodgings  near  the  museum  of  Natural 
History,  spent  almost  the  whole  day  there,  in  examining  alt 
the  genera  of  mvertebrate  animals  wbrch  they  found*  At 
the  same  time,  they  read  in  the  evenings  at  home  the  works 
of  Cuvier  and  Savigny,  on  the  anatomy  of  these  ammals,  and 
received  various  objects  for  examination  from  the  former  f 
and,  besides,  Kiihl  occupied  those  hours  in  which  Van  Has- 
selt and  Cremersius  attended  the  medical  lectures  and  hospi* 
tal,  chiefly  in  collecting  materials  for  his  work  on  amphilna^ 
birdsy  and  other  animals* 
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The  distinguished  Cuvier  also,  had  a  literary  party  on  the 
Saturday  evenings,  to  which  all  the  learned  men  residing  ia 
Paris  were  usually  invited,  and  Kiihl  and  Van  Hasselt  were 
constantly  invited  to  attend.  These  were  also  allowed  free 
access  to  Cuvier^s  library,  and  were  permitted  to  work  in  the 
^ame  apartment  with  him ;  while  orders  were  at  the  same 
time  given  to  the  different  keepers  of  the  museum,  to  open 
all  the  cases  to  them  when  required. 

But,  without  doubt,  among  so  many  illustrious  men,  he  was 
most  disposed  to  pay  the  tribute  of  admiration  and  esteem  to 
the  celebrated  Humboldt,  a  man*equally  noted  for  his  bene* 
volence,  learning  and  prudence.  Humboldt  procured  for 
Kiihl  and  his  friend  free  access  to  the  Royal  Institute,  by 
which  they  were  allowed  to  attend  the  sittings  and  make  use 
of  the  library;  besides,  he  very  kindly  offered  KUhl  the  use 
of  his  own  Ubrary,  and  did  not  think  him  unworthy  of  being 
admitted  among  the  number  of  his  particular  friends.  Dup- 
ing his  residence  at  Paris,  Kiihl  completed  his  monograph  on 
the  genus  Psittacus,  whk:h  was  printed  in  the  tenth  volume  of 
the  Transactions  of  the  Leopoldine  Society. 

Leaving  Paris  on  the  26th  February,  1820,  he  returned 
straight  to  Hrinau,  where  he  laboured  with  indefatigable  dili- 
gence in  correcting  his  manuscripts,  so  as  to  be  able,  soon 
after,  to  send  to  the  press,  his  first  volume  of  ^^  Additamenta 
ad  Zoologiam  et  Anatomiam  Comparatam.'^  After  reducing 
all  these  to  order,  he  took  leave  of  his  father  and  C^^mily,  and 
proceeded  to  Amsterdam,  in  order  to  make  preparations  for 
nis  journey;  this  done,  he  went  to  Gronineeu  for  the  last 
titne,  and  after  staying  there  one  day,  bade  adieu  to  his 
friends*  On  the  lOlh  of  July,  1820,  the  ship  in  which  he  em* 
barked,  commanded  by  Breukcmey er,  sailed  from  the  Texeh 

When  in  the  Channel,  they  examined  various  species  of 
flexile  polypi,  and  dissected  different  fishes  which  ao  not  oc- 
cur on  the  coasts  of  Holland*  They  noticed  a  new  genus  of 
the  family  of  corallines,  and  found  abundant  matter  for  inves- 
tigation in  the  numerous  species  of  flustrs  and  fuci  which  oc<* 
curred.  Among  other  remarkable  fishes  they  dissected  the 
following:  Scomber  scomber.  Conger  conger,  and  Raja  oxy- 
rvncha.  In  the  Bay  of  Biscay,  the  weather  was  so  bad  that 
they  could  not  collect  anything.  In  the  Spanish  sea  they 
caught  the  first  salp»,  and  among  them  several  new  species, 
as  well  as  a  genus  allied  to  these,  to  which  they  gave  the 
name  of  Selenosoma. 

On  the  1 8th  July  they  anchored  at  Madeira  ^  and^  although 
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five  days  only  were  allowed  for  their  stay  on  this  island,  thej 
examined  much  of  hs  natural  history.  They  were  kindly 
received  by  the  English  governor,  and,  with  his  advice  and 
assistance,  were  enabled  not  only  to  examine  the  shores,  but 
also  to  penetrate  into  the  interior  of  the  country.  This  gen- 
tleman, whom  Kiihl  happened  to  meet  on  his  journey,  bein^ 
informed  of  the  object  of  their  voyage,  requested  him  and 
his  companions  to  come  that  same  day  to  his  seat,  two  miles 
and  a-half  distant  from  the  town,  and  high  above  the  level  of 
the  sea*  Having  rested  here  for  some  hours,  they  took  their 
departure,  and  ascended  the  mountain  named  Pico  Rufo^  and 
found  its  height  according  to  Hasselt's  measurement  to  he  2500 
feet.  They  collected  a  great  many  plants  in  these  five  Jays^ 
the  number  of  which  they  have  stated'  at  224,  although  this 
district  is  not  by  any  means  considered  as  fertile  in  vegetable 
productions.  They  also  inquired  into  the  distribution  of  the 
plants  at  different  altitudes,  and  looked  after  the  geological 
structure  of  the  island.  In  the  animal  kingdom,  the  principal 
productions  that  occurred  were  insects;  for  this  country  is 
very  deficient  in  animals  of  the  higher  orders.  They  found 
no  mammalia,  but  Kiihl  discovered  a  new  species  of  bird, 
nearly  allied  to  Fringilla  coelebs*  Besides,  they  found  a 
great  number  of  amphibia,  but  all  belonging  to  two  species 
of  lizards,  as  well  as  many  fishes,  but  alfofsix  genera;  nor 
did  they  meet  with  any  fresh-water  fishes. 

Leaving  Madeira  on  the  3d  August,  1830,  they  entered  the 
tropical  seas,  where  so  many  objects  often  occurred  in  a  sin- 
gle day,  that  they  were  overwhelmed  by  their  multiplicity* 
There  occurred  in  particular  a  vast  multitude  of  remarkable 
and  partly  new  mollusoa  echinodermata,  and  entozoa ;  and 
there  they  made  many  important  observations,  with  regard 
to  the  conformation  of  various  fishes,  mollusca,  aud  radiaria. 

On  the  9th  of  October  they  made  the  Cape  of  Good  Hope, 
and  tarrying  there  twelve  days,  explored  the  mountains  or 
shores  from  the  first  dawn  to  late  in  the  evening.  They  car- 
ried with  them  the  skins  of  various  birds  prepared  for  stuffing, 
and  also  preserved  a  great  number  entire  for  the  purpose  of 
making  skeletons.  They  also  prepared  skeletons  of  the 
Viverra  genetta  and  Chrysochioris  capensis.  Besides,  they  col* 
lected  amphibia,  fishes,  mollusca,  Crustacea,  radiaria,  and 
many  species  of  fuci.  In  Table  Bay  and  Hout  Bay.  The 
number  of  plants  which  they  collected  at  the  Cape,  tnej  had 
not  determined  at  their  departure,  but  they  mentioned  it  as 
being  vtry  great,  they  having  come  there  in  the  proper  8efr> 
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son.  They  also  prepared  some  bundles  of  bulbous  roots, 
and  the  seeds  of  about  ^00  species,  for  the  Botanical  Garden 
at  Batavia.  But  what  is  particularly  worthy  of  remark  is, 
that  they  examined  with  great  care  the  structure  and  strati- 
fication of  Table  Mountain,  and  the  other  hills  which  sur- 
round Table  Bay  and  Hout  Bay,  concerning  which  very 
erroneous  ideas  had  been  entertained. 

The  Great  Indian  Ocean,  not  less  than  the  Atlantic,  fur- 
nished them  with  ample  opportunities  of  scrutinizing  animals 
hitherto  but  imperfectly  known.  They  discovered  several 
genera  of  the  family  of  naked  mollusca,  annularia,  and  tuni- 
cata  of  Lamarck.  Bad  weather  at  length  forced  them  upon 
the  Cocoa  Islands,  toward  the  south  of  Sumatra,— a  group, 
according  to  their  account,  entirely  composed  of  madrepores, 
and  perfectly  similar  to  those  flat  islands  of  the  Pacific  Ocean, 
whose  origin  has  also  by  Forster  been  attributed  to  madre* 
pores. 

On  account  of  the  multitude  of  sharp  coral  rocks,  access 
can  only  be  had  to  the  bay  of  these  islands  in  fine  weather, 
and  with  very  small  vessels.  Their  origin  from  corals  shoot- 
ing up  from  the  bottom  of  the  sea,  is  plainly  demonstrated 
by  their  want  of  mammalia,  amphibia,  and  land-birds,  and 
the  scantiness  of  their  flora,  which  was  found  to  consist  of 
only  four  species,  a  new  grass,  an  urtica,  the  cocoa-nut-tree 
(Cocos  nudfera^  a  wood  of  which  covers  the  interior  of  the 
island,  and  the  Toumefortia  argentea,  which  margins  the  co- 
coa-wood, with  its  daric  green  foliage.  Innumerable  bands  of 
aquatic  birds  inhabit  these  desert  shores,  and  so  fearless  were 
they,  that  many  of  them  were  caught  by  the  hands,  or  killed 
with  sticks.  Amid  all  this  profusion,  however,  there  were 
but  very  few  different  species. 

They  first  landed  in  Java  at  the  Promontory  of  Banta,  and 
after  being  a  short  time  on  shore,  returned  to  their  ships, 
loaded  with  corals  and  mollusca.  The  labours  and  inconve- 
niences of  their  voyage  were  amply  compensated  by  the 
kindness  with  which  they  were  received,  and  the  liberality 
with  which  they  were  treated,  by  his  Excellency  the  Gover- 
nor of  the  island.  He  permitted  them  to  live  at  Buitenzorg, 
in  order  to  become  more  readily  accustomed  to  an  Indian 
climate,  from  the  salubrity  of  the  air  in  that  place.  The 
first  four  months  they  passed  near  Buitenzorg  without  inter- 
ruption ;  for  since  they  daily  found  -an  abundant  supply  of 
new  objects  for  investigation,  it  would  have  been  useless  to 
extend  their  excursions,  and  seek  at  a  distance  what  they 
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could  obtain  at  hand.  Not  a  day  passed  without  their  naming, 
describing,  and  drawing  some  new  species  or  genera,  or  even 
orders,  in  this  manner  they  prepared  a  Conspectus  of  the 
Flora  and  Fauna  of  Java,  taking  care  not  to  waste  their  time  in 
delineating  what  had  already  been  described  by  Reinwardts« 
On  which  account  they  made  out  an  index  of  all  the  drawings 
which  he  had  made,  inspected  his  Herbarium,  and  received 
many  of  the  names  which  he  had  imposed.  In  the  course  of 
these  four  months  which  they  occupied  in  collecting  natural 
objects,  they  had  done  so  much,  that,  by  the  10th  oi  August, 
they  were  able  to  write  home  to  the  minister,  ^^  that  their  la- 
bours regarding  some  of  the  objects  of  investigation  in  this 
country  were  now  finished,  and  that  amon^  these  might  be 
enumerated  the  Cheiroptera,  Ophidia,  Sauna,  Birds,  Fishes, 
and  MoUusca.'^  At  this  time  they  were  of  opinion,  that,  with 
regard  to  the  Buitenzorg  Fauna,  they  were  as  well  acquainted 
with  the  animals  of  this  district,  as  with  those  of  any  country 
in  Europe.  Having  made  this  foundation,  they  proposed 
making  a  journey  to  Banta,  a  less  known  part  of  the  island, 
when  the  cholera  made  its  appearance,  and  frustrated  this 
design.  On  which  account  they  set  about  occupying  the  fol- 
lowing  months  in  ascending  the  neighbouring  mountains, 
especially  the  summit  of  the  mountain  Salak,  4550  feet  in 
height,  situated  above  Buitenzorg  towards  the  east,  one  of 
whose  summits  had  already  been  ascended  by  Reinwardt, 
although  a  higher  one  toward  the  west  had  been  left  by  hira, 
and  had  consequently  been  hitherto  unattained.  They  then 
came  upon  a  continuous  ridge  of  mountains,  extending  north- 
wards toward  the  sea-shore,  and  among  others  ascended  the 
rid^e  of  Munar*  After  this  they  visited  the  three  hot  saline 
spnnes,  situated  between  the  villages  of  Rompin  and  Warn 
(which  are  not  marked  in  our  common  maps,)  arising  from 
these  calcareous  hills,  which  seem  to  have  oeen  themselves 
produced  by  the  deposition  of  calcareous  matter  from  the 
water,— -a  process  which  is  still  daily  taking  place.  An  en- 
tirely different  vegetation  was  found  in  the  vicinity  of  these 
springs,  and  as  it  was  probable  no  person  had  hitherto  exam- 
ined It,  they  were  highly  delighted  with  it.  On  the  10th 
August  they  returned  from  the  mountain  Pan^erang,  8580 
feet  in  height,  forming  on  one  side  a  continuous  ridge  with  the 
mountain  Cede,  which  they  had  asce;pded  with  much  labour. 
These  summits,  together  with  that  of  Salak,  situated  towards 
the  east,  were  volcanic.  In  these  pretty  elevated  and  cold 
regions,  they  found  many  retreats  of  rhinoceroses,  and  the 
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paths  which  these  animals  had  made,  afforded  them  consider* 
able  facility  in  ascending  the  mountains.  So  great  was  th« 
profusion  of  natural  productions  in  these  higher  regions,  that, 
notwithstanding  their  unremitted  attention  and  industry,  thej 
could  not  manage  to  describe  the  whole.  Amidst  almost  in- 
superable difficulties,  and  exhausted  with  labour,  they  at 
length  reached  the  summit.  But  after  they  had  got  to  their 
huts  in  the  evening,  a  violent  rain  came  on,  which  continued 
for  three  days,  and  as  nothing  could  resist  its  impetuosity, 
they  were  miserably  affected  by  the  cold,  and  this  the  more 
especially,  as  they  had  been  by  this  time  familiarized  to  a 
hot  climate. 

For  the  first  fourteen  days,  however,  after  this  excursion, 
KUhl  enjoyed  very  good  health,  on  which  account  they  sup- 
posed that  he  had  escaped  the  danger,  and  rather  rejoiced 
that  they  had  been  subjected  to  it,  as  they  imagined  the 
worst  was  past,  and  expected  to  be  safe  in  future  from  all  at- 
tacks of  the  climate.  But  soon  after  Kiihl  became  affected 
by  a  disease  which  resisted  all  treatment,  accompanied  by 
inflamation  of  the  liver  to  such  a  degree  that  bis  life  was  in 
danger.  He  saw  from  the  first  that  the  disease  would  prove 
mortal,  but  he  waited  the  approach  of  death  with  becoming 
fortitude.  ^  The  tranquillity  of  mind  which  he  possessed 
when  in  good  health,''  writes  Van  Hasselt,  his  companion,  to 
Swinderen,  ^  instead  of  being  diminished  by  sickness,  was 
rather  increased.  I  have  been  astonished  at  the  calmness 
with  which  he  spoke  of  his  approaching  death.  He  even 
ive  me  some  injunctions  about  things  which  he  wished  to 
^e  performed  before  he  died.  In  fact,  I  am  not  less  an  ad- 
inirer  of  him,  now  that  he  is  dead,  on  account  of  the  forti- 
tude which  he  displayed,  than  1  was  his  friend  when  alive.'' 
After  having  laboured  four  weeks  under  his  disease,  he  died 
cm  the  14th  of  September,  1821,  not  yet  twenty-four  years  of 


Kuhl  was  of  an  excellent  disposition,  and  the  most  refined 
manners.  He  was  quick  of  comprehension,  acute  in  discrimi- 
nating, and  possessed  of  a  most  tenacious  memory,— qualities 
of  the  utmost  importance  to  the  naturalist,  especially  as  'the 
compass  of  science  is  now  so  extended,  that,  without  a  proper 
arrangement  of  ideas,  and  a  faithful  memory,  the  various  ob- 
jects cannot  fail  to  be  confounded.  Nor  was  his  manual 
dexterity  less  remarkable  than  the  acuteness  of  his  intellect : 
he  could  in  fact  do  every  thing  with  his  hands  that  he  wish- 
ed;  he  stuffed  the  skins  of  animals,  dissected  them  with  great 
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neatness,  and  drew  net  leas-ibe^uttfully  than  docur^iel^f  so-as 
occasionally  to  supply  tiie  jj^ace  of  a,  paioteri  on  tbe  voyage 
underlakea^o  ibei  island  of  Java^  ift  delioeati^  ^aimUHnical 
subjerts.  •  •••'_;'.  r •.  •  " 

1^0  time  qtialkkii  KnU  added  tbe  greatest  induatry-  With 
faim  everytmoneBt  of;  time  ;nas  eorplayed :  whe;ii'in*bis  iTOom 
he  was  ehbel'  reading,  ok*  examining  natural  objects;  when 
waUcBDg,  OP  iiporr  a  jonmey^  bet  wan  collecting  aoitialS)  plants^ 
and  minerals^  and' thinking  upon-  their- qualities  ^andprapev- 
ties.  Hetdeemfed  it  base  to  eii{jo|fr  repose  longj^  <tbaa  wBfi 
nedeasatyi  He.often  sat  uplat'bisistudies  till  midnight;  asd 
when  Swinddren' shewed  himWs.b€»k*ooiiii  cn»  hUi^afriyai,  (he 
first  thing  herxlidfvas.  to.see«rhetber  a  bell  mighVi  b^.h«i% 
abera  his  faM^that  the  waishifiligbt  waken Mn ^cirytillDm* 
ingatfoafr^  by  palling' ^t-the  <lborfjin  rsuchna  «|tiviiei\b#w- 
ever^aa  not K^ distm^b^lha  nntof  tbeifaipilyi  AimM^poaseAi- 
ed  of  ao'ifiuoh  genius  AiW)[!&ssiduit!7.>coiilanc))Cithei|eforefail 
to  ac^re  ai  YastI  bfobkofi  kihowlfedge.  n-ihr  wasibis  kopivl- 
edge  oonfintd'to naturatriifsliary'ftiaciev^tit raj<)ot0Kttndt(l  to 
pomicai  history^botbrnnbioot.  jand)  fiiodei»4  >  ,Hfii  was  alsa  so 
well  versed  in  gbogrtiphyiaod  aU>Krtbei>(attaii>fiieRtS'reqW$ile 
in  a^weil  edtKbted  inoan^  t&a^(e?en<ai  ithtiticDe'wiiqa  be  caiois 
to  Gbronmger^  tbe'most4feecQmpysboil.studer1ISi)<ljfi  h^Mtng  hm 
converse^  ihi'  genenil  subjocta-of/  UteraAafte,*>'aohnQn)^gpd 
witfaooe^ce^  that^iih  th^Oian^^filhflt^tU^^iihef.b^ 
iBet'tv'idi  no  young  peraaa  equal  to.hMn<r. : 'AqdiitlAi^i&g0n|^^ 
and'lihis  iadinli^y  wene:addfvtan  aitdieol  mifidl  )¥hi$hft)y;fi9qi)|- 
ed  biai'  t»  great  /undeirtflkmgilvai';canMi>cy)Wihici)i(/f^ 
hia  efforts,  and  adevatiao  t»iscieo€»  which)  m0imf^i^i^j^§fyr 
ittO:9tliothdr<objeGtsw      <    --i   f'  ,n  v  'ii>ii')''itti  'iiji  iif,fj  rr^'ii 

rlt  faaSrabieady^been  ohserred^  that<>Rati|tal*hi^l>ry  3v^iU6 
faa^Mirite  pursuit ;  adud  there  are  iioiie  ot  atikafitoViCty  f^ 
esaitipies,!io'  aiiy:oliher  depal^tDient  '<tf '^ciM^ewiai  fl^ieh^'ip 
fnuch  keen  iavesCi^aiioQ.  ii'  displayedrSo  Qiapy  ^at)ganii;M> 
fearlessly  oanfronted,  and^sa^tnaDy  privaiioaS)b^ne./frf^for- 
tttude,  as'' we  see  eTiaoed  in  ih^  charaeteriaQd/Oondud^ofn^ 
disriples'of  fiatancb  r-^-  ,• ,,     .>   -j  s«  ,-, 

\Ali  the^e^essaiilial  gbod  tfaaliliaa  •wehecooibiaedfior.Kj^* 
Besides!  the  other  rirtues*  with  wifatch  he  wasf  adorn^i. he^ pf^ 
S6ssed>a  remarkable*moderat&m  inreffard^tO(foo«ii;:  iQlttr.hia 
joumeys'he  required  nothing  mdre  to  idlaybuii^e^iaf}d:ih4Pft 
ibtifi  dry  bread  with  water  and  milk;  providedoh^  faiiUhSt- 
tain  th^  object  to  which  all  his  ktboura  'wisne  dii»ci«d#r-4tie 
exlehsion  of  hiskoowiedge*    To  accooatptiA  ihia'lieiieit  jiia 
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Country,  aod  friends ;  in  its  pursuit  exposing  himself  to  the 
dangers  to  which  a  long  sea  voya^,  cnange  of  climate,  un- 
trodden paths,  sayaee  men,  and  wild  animals  exposed  him ; 
and  all  these  he  underwent  without  the  prospect  of  any  great 
reward,  at  least  without  the  hope  that  these  labours  would 
be  repaid  by  greater  advantages  than  his  accomplishments 
and  celebrity  had  already  acquired  ior  him  in  Europe.  Cer^ 
tain  it  is,  that  it  was  neither  by  the  hope  of  riches,  the  most 
general  stimulus  to  exertion,  nor  the  honourable  and  truly 
royal  liberality  with  which  he  was  equipped  for  his  journey, 
but  by  the  mere  love  of  natural  history,  that  he  was  actuat- 
ed,— a  truly  sublime  affection,  which  made  him  spare  no 
labour  in  collecting  new  objects  of  investigation* 

When  he  was  last  at  Hanau,  anticipating  the  difficulties 
which  he  had  to  encounter,  he  thus  wrote  to  Swinderen :  ^^  I 
have  determined  to  make  a  journey  to  the  eastern  countrieSi 
and  go  I  shall,  if  there  be  no  other  way,  even  in  the  capacity 
of  a  barber."     Such  was  the  love  of  Kiihl  for  his  profession* 

But  Kiihl  had  also  other  properties,  which,  however  be- 
coming in  his  person,  were  especially  adapted  for  the  depart- 
ment of  science  on  which  he  had  fixed  his  affections. 
Besides  his  other  virtues,  he  was  distinguished  by  an  ingenu- 
ous mind.  Truth,  obedience,  modesty,  and  a  grateful  re* 
membrance  of  benefits,  were  among  the  ornaments  of  his 
mind.  He  willingly  accommodated  himself  to  the  manners 
of  his  friends;  but  when  persuaded  that  he  waa  better 
acquainted  with  a  scientific  subject  under  discussion,  he  de- 
fended his  opinion  with  warmth,  although  with  modesty,  nor 
yielded  rasniy  to  the  determination  of  others.  His  filial 
piety,  and  the  affection  which  he  bore  to  his  brothers  and 
sisters,  were  highly  exemplary ;  and  it  is  to  be  mentioned  to 
his  honour,  that  he  would  receive  nothing  from  his  father, 
although  it  would  gladly  have  been  given  him,  Jest  he  should 
diminish  the  portions  of  his  brothers  and  sisters. 

KiihPs  greatest  merit  was,  to  have  embraced  the  whole 
compass  of  natural  history.  For  when  he  came  to  Groningen 
in  1816,  he  already  knew  a  great  number  of  minerals,  both 
oryctognostically  and  geologically,  the  whole  of  the  plants 
indigenous  to  the  fertile  district  of  Wetterau,  and  all  the 
mammalia,  birds,  and  fishes  of  the  middle  parts  of  Europe. 
He  chiefly  studied  exotic  plants  in  the  Botanical  Garden  at 
Groningen,  as  well  as  in  the  other  gardens  which  he  saw  on 
his  journeys;  and  investigated  the  foreign  vertehrated  ani- 
mals in  the  Groningen  Museum,  and  in  those  of  Berlin,  Paris, 
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London,  d&e*,  vriiile  be  priticipaUrf  studied  the  inmrtebrate 
animals  at  PariB;  ^^  I  bopo^^'  says  he^io  a  letter  to  Swinderen 
while  in  Java,  ^  that*  whofi  i  fetiuro  to  Europe^  I  shall  not  be 
accused  of  cakivating  one  department  ouly  ^of  acience^  as  my 
aim  is  not  merelv  tO'  tt«eat  those  parts  well,  of  ^hicb  I  wa» 
fondest  wh^n  at'Oeme,  but  I  am  also  bent  upon  nastering  lA 
the  other  bratiches*  .  . .  . 

Another  mwx^  of  Kuhr:^  was,  that,  beside^,  tbe  ^studj  qS 
natural  bistM[>y  in  Ibe  more  liiiiited  sense,  he '^aidatuemioii 
to  anatomy  >h(6i»,  'aud^io  physiology,  or  rather  biology.  Al- 
thoi^h  th^Mudy  of  physiology  was  of  all  others  thaiiwbieh 
he  prefgnri^fdy'^he'  was  yet  free  of  a  fauk  into  which  maay 
naturailisil!^  Tally'  who,  on  account  of  the  main  objeei  «€ 
scienee,-  which'  they  take  to  be  the  determination  of  the 
generalJiaws oiP  nature,  despise  tbe  aids^of  less  debited  bot 
subsidiary  •studies;  whence  it  necessarily  follows,  that  they 
alwaysfett*sh0rb4>f' their  object.  But  Kiihl  did  better;  he 
set  aboui  both  JtSlnds  ^f  study  with  eepial  diligence,  and  in  thls- 
respect  is  th^  only  naturalist  who  can  be  compared  wkh 
Pallas.    ' ' 

Tiedemann,  the  celebrated  anatomist  of  Heidelbergi)  when 
he  met  with  K6I1I  on  his  ^urney  to  Paris,  said,  that  ^  a  nor^ 
accomplished  naiur^ist  never  before  travelled  ;'^  and  Te«i- 
Biinck  writes  thus  to  one  of  bis  friends,  ^^  Science,  by  tbe 
death  >of' Kiihl,  has  lost  another  Linnaeus." 

But  ereVi  these  were  not  KiihPs  only  merits,  but  iTathcr 
the  beginning  and  foundation  of  greater  excellence ;  for  he 
not  only  knew  what  others  had  done,  but  contributed  as  long 
as  he  lived  to  the  improvement  of  science.  Without  insisting 
much  upon  his  Annotations,  not  yet  published,  his  Fauna  of 
New  Holland  and  India,  or  his  Monoeraph  on  the  genus  Fal- 
eo,  besides  the  discoveries  which  he  made  in  Java,  and 
which,  as  they  have  not  yet  been  made  public,  cannot  be 
judged  of,  we  shall  confine  ourselves  here  to  the  advantages 
which  he  has  conferred  upon 'science  by  his  publications. 

With  regard  to  Mammalia^  he  drew  up  a  general  conspec-^ 
tus  of  this  class,  in  the  essay  mentioned  above,  for  which  he 
gained  the  gold  medaL  In  his  monograph'  on  the  Simise,  a 
work  which  seems  to  be  the  most  compietjc  in  regard  to  the 
numbef  of  species  of  a^y  upon  the  subject,  he  has  described 
111  species,  and  among  these  several  new  oiaes,  firsfr defined 
by  himself,  as  well  as  lAeny  others  which  had  'hilherto  been 
merely  named.  In  his  monograph  on  the  Bats  <>£ ^Germany, 
he  made  known  threiE;  wt^^r  species,  and  rectified  many  errors 
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oonnecied  with  the  specific  distinctioDs*  In  his  Zoologie 
Auctaria^  he  has  pn^sed  a  new  genus,  Saccophorus  (the 
Mus  bursarias  of  Shaw,)  and  noade  Jcnown  various  new  species 
«f  Maokmalia;  so  that  before  he  left. Europe  he  had  already 
increased  the  list  of  manunalia  by  Kmoynew  ones,  to  which 
lie  would  without  doubt  ha ve,added  mangr  more  in  Java. 

But  of  all  the  departments  of  natural  hhtxHiy^  Ornithology 
was. that  which  he  most  ^ni^obed  fby vhis  dif^ooi^eriiea,  most  of 
vrliieh  be  made  alottg.  with  •  the  >  celebrated  Tennntnck^  His 
Index  to  the  colotired  .platba  of  Bufibn,  whipb  Swinderen 
f>iiblished  with  hia  consult,  is  also. of  muebiS^antage  -to 
wnithoiogyb  Thisiwork  of  Buibn^  whichr  ootuprehencb  the 
^hole  range  fof  the  binds  l^nowsQin^his  j^ime,  UmuckBuperior 
io  most  of  the  works  on.  tbo  same  isubjedti,  ahdtjwill  always 
vftmainao(  but  of  what  iinp€rla;nGe  wi^idd  tbose*  figures  be 
9«ithout systematic. namftft?  .  This>  deAoteeeyi^ithen^  wafi  sup- 
plied -by  KUhh  :Beiides^  he <wrote  a  uMonogiraph  on  th^ .genus 
fsittaoMs,  m  which  he  inchjded  ,300  iapac<i(09i,  A^^ionsiderable 
jmmber  of  them  beiaffiiral/cbanaAtovi^ed.  by  btos^lf^  or- dis- 
tinguished and  named  with  the  assistance  of  the  Temmin/ck« 
Moreover,  he  xlescribed  tir  hisr  Aucladria'a  new  senus  discover- 
ed by  himatlfvto  which  <he  gav<e  tbe  naoie  of  i^tilonoryncbus, 
and  wrote  a  monojEraph  4m  the  difficult  .genus  Procejlari^. 
Laslly^  during  his.lwMrfi^y^as  well  »&  in  Java  itself^  he  made 
many  other  interesting  dfeooveiries  m  tbid  .departiaelit,  of 
which,  hoW£V«r^  we  are  as  yet  only  acquainted  .with  a  »ziall 
^)art. 

^  Witb'regfiird  to  iha  Amphibia^. be  has  the  merk  of  having 
*9dded  many  n^ktnes  to^Seba's  figures  Jn  bis  Thos^ra$^  by 
whick  ho  liafr  iliuch  fart}ital«g  a  referenca.to  that  work. 
Many  of  bisiofaiertotiona  on  Seba^a.  figures  are  ako  contained 
*in  the  additions,  already  raentioneo^*  We  there  also  find 
cnritioal  remarks  on  liaocfiB'^  work  on  serpents^  and  very  use- 
IM -annotations  regaA^ing  the  tramber  of  the  abdominal  and 
caudal  acuta  of  scrpedts^of.  which  much  use.  is  now  deserv- 
^edly  made  for. the  purpose  of  specific.  distinctie^>  Had  it 
bem  his  falfe  to/ ha^ire:  returned  fromlndia^  he  would  assuredly 
bave  describedthi3:new  species  of  amphibia  which  he  had 
discoveiYsd^  according  to.l^rrdm^s.  method.  With  respect  to 
invertebrate  afiimals,  he  d\^  not  publish  any  of  his  discover- 
ies previous,  to  ibis  Jndian  journey.:  Whatever^  therefore,  was 
iound  by: him:  subsequently,  waa  common  to.  him  and  his 
comdoanion  Van  Hasselt*  In  regard  to  cooipanati ve  anntomy, 
Kiihl  ngtade  most  of  hie  obsevvations  along  with  Van  Hasselt^ 
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and  their  papers  on  this  subject  are  consequently  common. 
Thfi^e  papers^  in<}ee4y  cbje^v.Mreat^d  pf  the  «fhale  first  four 
das9es  of  yorlebraXe  .^imefs  yhxM  Ave  may  mention  one  in 
particqlar  »i^  worthy,  of  pi'aise,  ^^rhiph  contains  a  disputation 
regarding  the  hearts  of  various  animals.  In  them,  as  well  as 
in  the  other  writings  of  K&Kt,  niany  neV  facts  are  detailed* 
•0»  th^h-  voyagi!^  to  ]Fa4ia,  ^IHh^ero^  4h^v  p^id  'ixlost  attention 
to  the  dUdecik)fl'6f  In't^^t^ritt^'sMtb&hs  yet;  fey^hdr  indus- 
tTf,  th^ydl^'^ntti^iia^d^fM  ariatM^J^ <tf 'tlie ^et^t^Walef ones. 
<  ^n  regard  Hw'tbe^  y^eg^ab^  kingclomi  tljfi^  )!^dMt>  ^tcular 
afllemitfji '^^^  th^'la^s  of  the  dibt^ibtitionr  of  fAaMs>bv«r  the 
'  siittEMfO  t)f'tih^>eanh,in  i^espect  to  whicfr  they/ifi^Oittft^^mfany 
Mdt^veiy  dlU|eAt  ihMestigations  in  the  Istand  of  Madeh^a^ftt 
(ihe'€ap(^4»r>36o(i'Hope,  and  in  Java.      ''•'.  *    '• 

\  <*)il<fiiicieqral6gy^d  geology  we  are  indebted  to  them  for  an 
^A00di}ik/t  of  th^  geological  structure  of  Madeira,  for  a  better 
y\fm  df»'iho  South >C^|>«  of  Africa,  as  well  99-t*6ttiarks  upon 
ilbe  Cocoas  iMimdft,  atid,  lastly,  for  various  oommunications 
illustrative  ofttheddidny  of  Buitenzorg  in  Jata.' 

The  printed  worit(^,9f  .i(j}^,are  the  following: 

X  I>ift  DiDUto«b«ii  P4edaB8a*iBi(iiii  itfae  Aooals  of  the  Society  of  WetteraD). 

Frankfort,  1819,      ,    ,,,   y   .  ,.,.   ., 

2.  Hesponsio  ad  qmenoneni;  ab  ordine  dUciplipamm   mathematicarom  et 
'^hysicaram  proposilaM': 'Cuin;-ntiet  nature^  itorpora  varia  modoiater 

V  ,;iie  differunt,  ex  hucusqu^/qopiitisiiibsenrationibas  tamen  coostare  videa- 
tur,  ita  comparatum  esse  r^r]u^  nat^ram^  lit  lento  qaasi  paua  ab  ooa 
specie  ad  alteram  nrogrecfintsr,  atque  sic  continuam  quasi  cateoam  effi- 
claty  ex  variis  quideni  annuUs",  la  tittle  tamen  jonclis  eompositam,  bsc 
catena,  in  Mammalium  dassc/  demotstranda  qaanritur.  (Aonals  ii  the 
of  the  Groiiiiueo  Acadeiay^,,i816. 1817.  Groninpn,  1818.) 
'  3.  Conspectus  Psitiacorpm,  cum  spepierum  definitionibus  novarum,  descrip- 
tionibus,  synoAyMi^  lrc:i(^l»Va  ^At^ATIsysllAi-Medica  Acad.  Ces.  Leo{». 
Car.  Nat.  Curios.  \fi\.  ft,  part  J,  ppi  ^^t^'.  3oon,  1820.) 

4.  Beitrage  zor  Znoio^ie.     Fraj^^fprt,  I82(f.    4to, 

5.  fieitrage  aur  verglefcbeiraen  Anatomic  'von  Dr  Van  Hasselt  u.  Dr  Ktlbl. 

Frankfort,  1890.    4ttt*^  '    "    '•     .^    •      -    " 

6.  Buffonii  et  Daubentonii.lTlgamrviK  li^ffmn  Q^tocatamiii  nomioa  lyatonwll- 

«a.    Groningen,  1820,,  fo\.^     ,,    ,'.  i  ;^  i. 

•    I'      '.  'H'M''ltj     'ill    '  /r    •    1 
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Art.  XLlX.^-^Obstrvatidn^  tfnd'  fi*p€rrmehfr  on  the  Sirucfure 
dnd  Panctims  of  the  Spofi^e,  by"RoBEftT  E.  GftAi^,  M.  D. 
p.  R.  S.  E.,  F.  L-  S.,  M.  W. «.,  SiCi—{Edin.  Phil  Jour,'] 

rConcludeu  from  P>  43p.] 

..    Ai*Tnowc»9{a  pinute  axa,«M|^ioB  pf  tbQ<  ii;it^i»€j  structure 
^fiihelivii^^onee  is  obviously. tb^fu^At  q^tm^)  ami.  necessa- 
ry fitqpiliofBfards  discovering: .  its  in0d?,<|f.,g|[^wibiand.gencra- 
:iiP0)  8^4  OQikse^uenlly  the  place  tbis^  3iib^(BQ^ej  .<H>CM()i0s  in 
.Abe  sAQtJe  of  b|eings,  and  is  ceruinly  tb»t  ^xot^X  LM^ely  to  lead 
yt0'^bet4i^q<VQryof  some  more  fixed  a,Dc).6<^i^l:$<^. principles 
:.£or  .ftifi^iripQinating.  tbe  species,  tbaa  ib^  iif9|;Mflj  c^apa&ters 
hitberto  employed;  yet  we  can  scaj;cflj^()^$C|^^i[),.ik)  tbe 
.^writings' qff  «u^togl§t»^  since  tbe  time  of  ■A^ris^e^rl^fntyn^itifcempt 
^to  ii»VQ$tig^9,iits,istii/cture  in  a  scientific if)a»a#iQ^r-t.Ahhougb 
.  Pallas,:  LwiourouSv  i'^marckfti  SchwQJ^  ^Itnoiit  every 

modein;^  SMiiQlQ^st,  have  considered  it^($  j^i^^hai^ioo.  #f  tbis 
animal,  in  iu  receat  state,  as  still  aQ,.iinpof(89i]ft(j4^ideFatum 
in  comparative  anatomy ;  yet  the  deficiency  is  generally  sup- 
plied only  by  ingenious  conjectures  fi'&m^thi'^pearance  of 
dried  fifpecimens,  or  by  supposed  analog^t^ft/bo^her  vegeta- 
ble or  animal  productions,  rather  than  by  patient  dissection 
ol  the  animal  in  its  natural  state-.  >Cqv.ier  states.ia  bis  Hegne 
■Animal  (t.  iv.  p.  87,)  that  tbe  sponge; isai-  fcsiiy  subftonce, 
possessing  no  axis,  either  calcareous  dr'faot'tly ;  dltbpugb  we 
..ikball  find,  that,  in  one  great  tribe  of  tbe$e  Zoophytes,  with 
•spicula  of  complex  forms,  the  axis  i%  entirely  eakareous  and 
soluble,  with  effervescence,  in  acids ;  and  it  is  well  known, 
that  tbe  horny  axis,  of  several  sponges,  have  been  constantly 
employed  in  the  arts  since  tbe  time  of  Alexander  the  Great, 
if  not  since  tbe  period  of  the  Trojan  war.  Professor 
Schweig^er  of  Konigsberg,  who  examined  these  animals 
alive,  prmcipally  at  Nice,  believes  that  their  axis  consists  of 
fibres  which  possess  a  small  degree  of  irritability,  by  which 
they  gradually  contract  the  dimensions  of  the  animal,  when  it 
is  irritated,  and  thus  force  out  the  water  from  its  canals 
(Btof*  auf*  J^*  R,  1819,  p,  33 ;)  although,  in  bis  experiments, 
he  could  not  excite  them  to  the  slightest  perceptible  motion ; 
and  in  most  of  the  known  species  these  fibres  are  composed  of 
minute  siliceous  tubes,  which  scratch  glass  and  resist  the  ac« 
don  of  the  blowpipe.  Lamarck,  reasoning  from  mere  analo- 
gy, maintains,  that  every  species  of  sponge  possesses  distinct 
polypi,  closely  resembling  those  of  alcyonia,  projecting  from 
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its  surface ;  and  that  tl^e^e  two  genera  of  zoophytes  differ 
only  in  the  ^reat^r  or  les&|  density;  of  their  gelatinous  onatter 
(An.  sans  r^rL  \^  ii.  p.  349-7-9}  f  altho^gh  his  countryman 
Jussieu,  nearly  a  century  ago,  by  desire  of  the  French  Aca- 
demy, examined  with  a  microscope  the  Spgngia  rcunosa,  fresh 
from  the  rocks  on  t^he  coast  of  France,  and  reported,  that  he 
could,  discover  no  Is;ind  q(  p^ilypi  ^n  .tbat^anuwl  {Mem*  de 
VAc.  174^i);  and  the  acpuracypfj^ftsi^^^s  phs^^aMons  has 
been  cpDfirnKed  op,a.gveatrV^ripty,  of.  .^wg^S|rbyi«¥fHy  ^uc- 
ccediDg  jobscirve^,  p  t\jr  (^a,Ygi^^j, :  I^wfnouirou?<>  ^t^wm^er, 
&c.  ,  It  \v^s. scarcely  cooswi^qj  in.  Gfiyojini  ,to . consider  the 
gelatinous,  .inaUcr  as  .tke  niusquj^  <sy|te9i.  of  this  animal 
(46/wxnii< ,w6/jr iP/^  p*,)24;t-f6i)»aftQr  he 

had  .  rqpijatei^fy  tfied  in  y^7i*i.toex<ute  it  lo  cc^ttiKS^  Obc 
naiuraiisj,  w^lfj^quaipi^d^iyitb  the  chars(ct^rg^nd .  l^bits  of 
thesp  aijwals^^^/eirs.froffL.analogy,  that,  tbe^possess.  norves 
{Phil,  of  ZqoL^foi^i'l^^  4;5) ;,  wl|^^.  anpib^f,. who  has  likewise 
studied.  tbepi.APi,  tlje,  Uyiai^.^nd  dried  siatei  maintains^  that 
Ihey  aire  ^njfnals  !«rqi9b  pp^essjnp  A?igan'whatever,.either  for 

frovvth  Q^.  generation  (Lamo9^ow  JiiMi^  de^  Polype  p*  14). 
rom  observing  the  .a^na}s  p^  tbe,  sp^ng^  (ponstantiy  eoipty, 
or  filled  only  with,  waU^r,  {Jx:bten§<ein.:wa6  led  to. believe  ibis 
substance  to  be  fqei'cly  ^,;4e$id  pnass  of  the  empty  tubes  of 
alcyqnia,  reniaiaing  after  ih^  decjayed  polypi  badbeenwashr 
Q(\..om  [Skriv.^of  Nol- Sd. ,KUib,  1794.).  JBbu9«Abach,. and 
somie  other  patnralists^  apparently- &ot  aware<of  .ibeclioie 
similarity  of  the  fibrous.  W3  of  the  ^pofig^  jo  tbatrof  sme 
zoophytes,. already  koow^v  to.  possess  poUpit  auri-ita.  dissirot 
larity  to  that  of  any  .knQw.cp,  plaqt^  ana  obviously  aot.acr 
quain,(ed  >vith  the  rapid  curirents  ^«a«L  fec^l0n^  discharges 
from  it3  orifices,  described  by.ElH^v  Sobweiiggerb  .BeU^  &c« 
still  regard  the  .sponge  $ts  a  plant,  aod<onseqi|mUy*destiU^ 
of  .|ierve«,  and.  muscular  system,  and  pfJypi,  and ei^ery  kind 
of  t  sponiai^eous.  motion  (Blutt^  Nat^MUu  IfiSd^  This  soir 
gular  discordaxice  of  opinion  among  fmiaant  na4in*«Usts  of 
the  present  day,  sbowsnowliuie  is  y^t  known  of  ih^  living 
organization  apd  functions  of  this  zoophyte,  and  tbt  intepest- 
ing  'field  of  discovery  which  lies  open  to  those  who. love 
nature,  and  frequent  the  ^hoires  of  tbe  ocean* , 

In  all  the  sponges  I  have  met  with  alive,  a  diatinot^  soft» 
transparent  matter,  can  be  observed  between  ttifi, fibres^  in 
some  ^>ecies^  as  the  S»  panicsa,  this  matter  Is  abnndant  aiul 
ropy  9  in  otbe^f  as  the  &  papillaris  and  coa/jta^  U  is^wocah 
thinners  «md  in  others,  a3  the,  cornpressa^md  ocmkiUif  K  ift 
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found  in  smaller  quantity.  Probably  no  organized  body  can 
exist  without  sinHlar  soft  parts.  The  fibrous  part  being  al- 
ways insoluble  in  water,  can  easily  be  procured  separate 
from  the  soft  matter,  by  immersing  it  repeatedly  in  hot  water ; 
it  forms  a  net-work  through  every  part  of  the  body,  and  con- 
stitutes the  a3ih  or  skeleton  of  this  zoophyte,  serving,  as  in 
other  aniinels,  to  give  form. to  the  body,  and  support  and 
protection  \o  the  softer drgskhs.  The  aicls  is  the  partem* 
ployed  in  tbe  arts^or  pr^^rVed  in  the  cabinets  of  naturalists ; 
it  is  the  part  of  th^  anhnkl  which  remains  in  a  fossil  state  in 
the  earth,  as  in  the  numerous  fossil  species  found  near  Caeil 
in  France;  (Lamt.  Easp.  Metlu)  ;  ana  it  is  that  from  which 
Aristotle  ana  his  successors  have  constt^ntly  taken  the  char- 
ters of  the  species.  The  structure  of  this  pai't,  Or  indeed 
of  any  other  part  of  the  sponge,  cannot  foe  6bderVed  without 
the  assistance  of  the  microscope;  and  it  is  welt  known  that 
most  zoophytes  were  regarded  as  plants,  till  the  microscope 
reformed  this  part  of  science.  But  the  minutest  microscopi- 
cal examination  of  the  dried  skeleton  WNI  not  suffice  atone  to 
explain  the  livine  functions,  or  e$t^blish:  the  nature  of  this 
animaU  Lamarck,  however,  appears  to  have  been  misled  by 
dried  specimens  or  plates,  or  hf  preconceived  hypothesis,  in 
placing  among  the  species  of  aicyo^iUm  the  Spongia  crisiata, 
S.  iomentosa  or  urens^  S.  wntkect^  and  S.  palmata  of  Ellis, 
which  arc  common  and  well  martced  sponges,  inhabiting  our 
own  coasts;  and  the  SpongiactiiMfitt of  Esper,  which  he  has 
ranked  as  a  variety  of  the  Alcy<mum  distorium^  has  been 
lately  shown  by  Schweigger  to  jbe  a  species  of  sponge  resem- 
bling in  texture  the  S,  oculaia  ifieoh.  p.  fi9wj 

liie  axis  differs  so  etttirely  iri  its  nature  in  different  sponges, 
that  the  living  properties  deserved  tn  one  species,  ought  with 
very  great  caution  to*  be  extended  to  any  Other,  and  natural- 
ists may  probably  take  advantage  of  this  difference,  in  classi- 
fying or  subdividing  tills  ntimetous' and  obscure  tribe.  In 
some  species  as  the  S^Komfi^nis^imUxtiBstma^  lacinulosa^fulva, 
JUtuloea^  the  axis  consists  bnly  bf  cylindrical  tubular  hormf 
fibres,  which  dissolve  without'  effervescence  in  acids,  leave 
no  trace  when  rubbed  on  glass,  and  coiisume  like  hair  when 
burnt,  emitting  the  same  iK^flw-  odtfur. ' '  In  others,  as  the  5. 
eomprtasa^  nivta^  (a  small  sessite  ^ecies  with  triradiate,  quad* 
riradiate,  and  simple  spicula,  to  to  noticed  hereafter,  which  I 
have  so  named  from  its  beantifal  whit6  colour),  bothfoidtSj 
eoronata^  pulverulenta,  the  skeleton  con9fsts  entirely  of  calca- 
reous spkula,  which  disappear  before  the  blowpipe,  do  not 
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^rdtch  glass,  and  dissolve  with  effervescence  in  nitric,  saU 
phuric,  and  muriatic  acids.  And  in  others  as  the  8.  cristata, 
papillaris^  tameniosa,  panicedf  coalita^  oculat<^  dichotoma^  stuposa^ 
alcicomis^  compacta^  fruticosa^  parasitica^  hersuta^  palmaiOj  in' 
ftindibtUiformis^  v^nttlabrum^  hispida^  suberica^  nodosa^  we  ob- 
serve neither  the  horny  tubular  fibres  of  the  first  variety,  nor 
the  calcareous  spicuia  of  the  second,  but  their  whole  axis  is 
composed  of  minute  siliceous  tubular  spicuia,  which,  in  dried 
specimens,  appear  drawn  together  into  a  longitudinal  direc* 
ction  by  the  hardening  of  their  connecting  matter;  these 
spicuia  scratch  glass,  do  not  dissolve  in  the  above  acids,  nor 
consume  by  the  blowpipe.  The  siieceous  species  abound  on 
our  shores,  the  calcareous  are  more  rare,  and  I  am  not  aware 
that  any  of  the  horny  sponges  has  ever  been  observed  so  far 
north  as  the  British  shores. 

Every  one  is  familiar  with  the  softness  and  remarkable 
elasticity  of  the  common  sponge,  S.  communis^  which  is  the 
best  example  of  the  homy  kind  of  axis.  When  a  piece  of  it 
is  brought  near  the  flame  of  a  candle,  its  fibres  coil  up,  melt, 
and  consume  to  a  very  small,  light  ash,  with  a  homey  smell, 
like  hair ;  when  a  portion  of  it,  well  washed  from  sandy  par* 
tides,  is  rubbed  with  a  wooden  instrument  on  glass,  it  leaves 
no  perceptible  streaks;  when  thrown  into  sulpnuric  or  nitric 
acid,  it  diminishes  in  size,  softens,  and  dissolves,  without  ef- 
fervescence,'into  a  brown  pulpy  matter,  like  other  horny 
substances,  and  no  spiculum  is  observed  in  the  dissolved  mat* 
ter  or  precipitated  to  the  bottom.  Its  fibres,  and  every  thing 
of  this  nature,  are  best  examined  through  the  microscope, 
when  they  are  suspended  in  water,  and  viewed  by  transmit- 
ted light.  In  this  manner  we  observe  them  to  be  regularly 
cyKndrical,  translucent,  of  a  brownish  yellow  colour,  smooth 
on  their  external  surface,  all  nearly  of  the  same  diameter, 
and  distinctly  tubular ;  they  are  tough,  flexible,  very  elastic, 
generally  ciuite  straight,  and  they  anastomose  freely  and  com- 
pletely with  each  other,  through  the  whole  body  of  the  ani- 
mal. Their  diameter  is  about  a  third  of  that  of  a  human 
hair,  their  length  between  their  points  of  union  varies  from  a 
tenth  of  a  line  to  a  line,  and  their  internal  tubular  cavitn  oc- 
cupies about  half  of  their  diametir,  so  that  these  horn^.fipres 
have  a  close  resemblance  to  the  spicuia  of  many  o^her 
sponges.  From  the  clearness  of  the  light  transmitted  through 
their  central  part;  their  internal  cavity  appears  to  be  ^^Vr 
which  is  not  the  case  in  the  S.falva  diui  Jistulosa.  The^ 
vnite  at  all  angles,  and  they  are  a  little  dilated  at  their  poinls 
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pf  .union;  tJbeii:  iaternal  payi^f;s^;0{>^D  frpely .into. Pficlif  other, 
and  a  sn^U. angular  ];»3ervoii; >3  fo^^ed  at,  the  place  vix^:e 
they  n^eetj  tbej.  haxe;  iw>  vntery^J\iog  icoaaecUi^  ^njialt^,  no 
Iioe.of  separatiorvcpn.)b^4i59oyef;e|j.at  the  wigles  where. they 
pa,ss4ntQ , e^cK  ot^r,.  a^d, . m .  opepi^fe^ k  ppcfepHWe^  .leading 

is  ,a ,  cp^i^^op^i  ,sh,^t^  cft.yMy.^iRM.^np»  i^^rjpc  ^pf.  thei  fi,bre8 
thrpuglfoiit.tlje,  bfld^.of  tJb?.tee$|^,CPWaiqp.p(Wg6,.an4.  th^^ 

hp?W!)iWWs,.wiRflpg  ,ri?uij4|Xh^,jPor;^^iaiv4.^^paU  cannpt, 

the^efoce,  |i^ptb^.,ce!k^  ?W.ik|^d,.,0|f,.pptepi»-4e^^*"W:tP 
Pl-^ate  9Mrr?;;^l?  9y|^fJ?ei;.,R*gti9r^,(With!>Ji,!jhe  ,p^n?l?  fii  m» 

th^ ,  a.xi^  ,&hp\YS  tM  jt^e  /v%f  |,^r>f}.r  caf  ab„  pq .flbyAov?  ^n ,  thi? 
species,  could  not  have  been  fornys^.^fUldi^t^e^^a^i^t^.^y 
ai^.i»^j;iflup  ^9Km§,w.iflsefit^  n[^e'f;ely,.jr?,Yief-sii?g.iii^  ^^t^^i 
hui  must  h*v^  JGwRJ^,^  ppr<,oft>J,t3  prigwal)  ^friuqj^ret ..  Th? 
internal  cay ifj^^pf^tiie.fjxpn^  >Qr#^^  fthr^fl;  qf.  (^^  ,5.^ui<^« 
a^d  5./t*foffpi^.pflpp}pt^|j(4lJ^^  ^ithj^  fjaifc  gcannW  4^^qu^ 
matter^  which^is,9ij«^ii^^djfrppiiqi:^e^ixf^,it>t0.anpther^  ,ThU 
ppaqvie,matAei:,rwde/iS,^I(ip».^Ii,i^  9if„t%  ,tubul^..ca\[ity;  very 
di§tii;ic^  and  prp)?a]?ly, ,  i^ .  tjip , i^?»W^,  qf  ,^fl«f ^  fil?r^  i?eing  99 
rjwparjqi  t)ly. .  hard;  afl(^,b;[;ij;U^,;c<?|n;ipj>red,'i?Ji^h  -^hf;  ^Rip^  >t\ilw*- 

^^v.i"}?F!?^ifjpi%i¥hp^?>9w;w  ^m'\h^  grm^m  .wtt^^r.  w 

te^  ,jiv,?\ieg„^iU,,j,Oj?  ;fi9n3iww4t.  by.!^iwn^^k^itep,,,whil^  4h« 
£ibr:e,s,j^r,^^e  t^o,fppR^ci}  sp^cii^s^yepeia^e  ifae  .s^w,pt:ltyifjg 
3^tuI^jfj^^jw{^Q^.;9enUal^x?j^v4tyj^si,4waj^*t.i^^ 

'•  ''^ryr^    nifO^)D  Wt»l!'»V   H    ''\'ll'yu\   i     to  .ti'i  >ijl«'iit  'i»  /i;  I'lI ..';!  / "» 

All  the  comrttpn  ware  undergoes  two  finogs;  that  is,  when 
h;Ms1l>eeil'stiffibfeilt1;^^  ih^healr,  it  is  put  into  ah'b^eh 

'an^  mAdfe  ftittt'Whctt'  is. called  biscuit ' vfhicli  is  eatthenWarfe 

/  Stany iaffi^s  af e  m  (he;h9bii  >r 'buyih^  cKW^^ 
bf  biscuit,  for  the  purtioscis'  of  painting  and  gil5fhg.'   When 
J505f,  76i/n  ^fi/o*.  ^  /^pp^  e/ 
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thej  have  imparted  their  own  designs,  these  are  sometimer 
returned  to  the  potter,  who  burnishes  the  gold  and  completes 
the  baking.  This  is  mentioned  with  the  view  of  directing 
those  females  who  may  not  be  already  acquainted  with  it,  to 
a  new  object  for  the  exercise  of  their  taste  and  genius,  and 
also  for  the  better  explanation  of  thv  nature  of  biscuit  ware* 

All  the  English  earthenware  and  china  undergoes  this  pre- 
vious firing,  because,  were  it  not  first  made  into  biscuit,  it 
would  not  bear  to  be  immersed  in  the  mixture  of  lead  and 
water,  called  the  glaze,  without  sufiering  injury  thereby: 
that  is,  it  would  not  fail  to  be  rendered  soft,  and  liable  to  be 
put  out  of  form,  by  its  absorption  of  the  water*  Neither 
would  it  sustain  the  process  of  printing,,  nor  allow  of  its  being 
painted  upon  with  anv  good  effect* 

The  composition  of  the  Chinese  porcelain  is  different,  and 
its  nature  is  now  pretty  acctirately  known.  Mr  John  Bradley 
Blake,  who  was  settled  as  a  resident  supercargo  ae  Canton^ 
and  died  there  at  the  age  of  29,.  sent,  a  short  time  before  his 
death,  to  Mr  Samuel  Moore,  the  then  Secretary  to  the  Society 
for  the  Promotion  of  the  Arts,  specimens  of  the  earths, 
clays,  sand,  stones,  and  other  materials  used  in  making  the 
true  Nankin  porcelain,  all  which  Mr  Moore  put  into  the  hands 
of  the  late  Mr  Wedgwood,  who  from  these  materials  produced 
some  pieces  of  excellent  porcelain,  and  declared  that  those 
earths  were  so  complete  a  set  of  specimena,  that  he  had  no 
doubt  of  their  being  the  true  materials  of  the  Oriental  porce- 
lain. Had  Mr  Blake  lived,  farther  information  would  have 
been  procured. 

It  was  ascertained  by  Mr  Blake,  and  we  have  learnt  from 
other  sources,  tbat  in  China  the  earthenware  and  porcelain 
are  merely  dried  in  the  air  before  glazing ;  as  their  composi- 
tion so  efi^ctually  resists  water,  that  it  can  be  immersed  in  an 
aqueous  glaze,  without  being  first  made  into  biscuit,  and  con- 
sequently that  the  Chinese  are  enabled  to  burn  their  ware 
by  one  single  firing. 

It  is  therefore  a  desideratum  wi^h  the  potters  of  this  coun- 
try, to  find  some  substance  to  mix  with  the  clay  which  shaU 
give  it  the  property  of  resisting  the  action  of  water  before  it 
nas  undergone  the  first  burning.  Thb  would  be  a  great  ac- 
quisition to  our  English  manufactures,  because  it  would  not 
only  be  a  saving  of  fuel,  but.  a  great  economy  of  time  and  of 
the  expense  of  wages,  as  one  operation  would  be  thereby 
entirely  saved. 

Dr  Woodward  mentions  the  Soap  Rock  at  the  Lizard 
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Point,  and  the  steatites  in  other  places,  as  verj  likely  to  make 
good  porcelain.*  Dr  Campbell  also;  who  seems  to  understand 
this  subject,  strongly  recommends  this  article  to  be  employed 
in  the  manufacture  of  china.t  Whether  steatites  will  improve 
the  body  of  the  ware,  as  above  mentioned,  I  do  not  know, 
but  I  know  it  has  been  used  at  some  of  our  porcelain  works 
in  considerable  quantities. 

Should  the  English  potter  be  able  to  make  the  body  of  his 
ware  eaual  to  that  of  tne  East,  it  would  then  be  necessary,  as 
I  apprehend,  to  -discover  some  other  material  for  the  glaze ; 
l>ecause,  if  our  ware  were  burnt,  as  it  is  in  China,  by  one 
operation,  the  earth  would  contract  more  than  the  glaze,  and 
consequently  the  latter  must  either  crack,  or  partially  fly  oif. 

I  hazard  this  opinion,  because  I  know  that  in  China  the 
glaze  is  infinitely  better  than  ours,  inasmuch  as  it  consists 
purely  of  fel-spar,  and  is  so  extremely  hard  that  it  cannot  be 
operated  upon  by  any  of  our  common  .cutting  instruments. 
Even  the  wheel  of  the  glass-grinder  will  not  touch  it ;  whereas 
•ours  becomes  scratched  and  defaced  by  common  usage  and 
ordinary  wear.} 

If  the  glaze  on  porcelain  be  too  thick,  this  will  occasion  it 
to  break;  it  is  therefore  important  to  apply  a  thin  glaze,  the 
fusibility  of  which  should  be  as  nearly  as  possible  approach^ 
ing  to  that  of  the  body  of  the  ware,  in  order  that  the  combi- 
nation may  be  more  intimate  and  lasting.  Cbaptal  describes 
a  glaze  which  perhaps  our  potters  may  imitate  with  advan** 
lage.  "  It  consists,"  says  he,  "  in  mixing  the  earth  of  Murviel 
in  water,  and  dipping  the  pottery  therein.  When  dry,  they 
are  plunged  into  a  second  water,  in  which  levigated  green 
glass  is  mixed.  This  covering  of  vitreous  powder  fuses  with 
the  clay  of  Murviel;  and  the  result  is  a  very  smooth,  very 
white,  and  very  cheap  glazing.§ 

The  great  durability  of  the  Oriental  china  is  its  main  ex- 
cellence.  We  make  porcelain  in  this  country  which  is 
equally  beautifulj  and,  if  the  sjrmmetry  of  the  fi£;ures  and 
the  merit  of  the  painting  be  considered,  far  more  elegant,  al- 


*  Woodward's  tMiiory.tf  FomiU,  volAf  page  #. 

i  FoWittil  Swrwjf^f  Great  Brihin,  vol,  iJ.  page  19. 

X  This  remark  is  not  applicable  to  all  (he  Eoropean  porcelain ;  for  thai 
made  in  Saiony,  and  tn  some  other  parts  of  Oermany,  is  equal  to  the  best 
Oriental  chhia. 

§  ChapCal's  EiemaUU  qf  Chemislryt  English  Transl.,  vol.  ii.  page  88. 
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though  it  possesses  a  less  degree  of  tenacity  and  hardness.^- 
We  have,  indeed,  lately  noticed  the  introduction  of  what  is 
called  stone-china,  which  is  made  very  thick  and  clumsy  to 
imitate  some  of  the  best  productions  of  the  East:  the  glaze 
upon  this,  however,  is  as  poor  and  soft  as  upon  other  English 
china. 

Is  it  not  natural  then  to  ask,  Why  do  not  our  potters  make 
use  of  a  better  glazet,  especially  as  the  county  of  Cornwall 
can  furnish  felspar  in  abundance  and  at  a  reasonable  price? 

The  true  answer  to  this  question  seems  to  be  this;  that  our 
ovens  are  not  capable  of  fusing  a  gla^e  similar  to  that  which 
is  employed  in  China.J  The  heat  of  the  potter's  oven  in  that 
country  must  be  tremendous.  The  materials  could  not  be 
vitrified  as  wc  see  them,  with  less  heat  than  would  fuse  Cor- 
jnish  granite. 

•  An  ingenious  mode  of  discovering  when  the  glaze  on  china 
is  not  sufliciently  hard,  has  been  given  by  the  late  Mr  Nichol- 
son. It  consists  in  dropping  a  small  quantity  of  strong  ink 
upon  it,  drying  this  before  the  fire,  and  then  washing  it.  If 
the  glaze  be  too  soft,  an  indellible  brown  stain  will  remain 
upon  it.§ 

It  must  here  be  remarked,  that  for  those  who  choose  to 
incur  the  expense,  there  is  porcelain  manufactured  in  some 
parts  of  this  kingdom  which  is  more  durable  than  that  com- 
monly made  in  the  Staffordshire  potteries.  Such  was  for- 
merly the  Bow  china,  and  that  also  made  at  Chelsea  ;||  and  I 
have  been  credibly  informed,  the  china  now  manufactured 
at  Worcester  is  nearly  equal  to  the  best  Dresden,!  or  to  the 
true  Nankin,  in  all  those  properties  which  give  the  most  value 
to  this  production  of  art. 


*  It  18  probable  that  the  heaviest  and  most  compact  china  will  always 
prove  to  be  the  most  durable.  Dr  Watson,  in  taking  the  specific  gravify  of 
several  specimens  of  pottery,  found  that  a  cubic  foot  of  cream-coloured  ware 
weighed  1988  ounces  avoirdupois;  of  flint  ware,  2188  ounces;  of  Bristol 
stone  ware,  2340  ounces ;  and  of  East  Indian  china,  234C  ounces. 

t  In  the  year  1803,  Professor  Proust,  of  Madrid,  published  some  remarin 
on  the  glazes  of  pottery.  See  his  paper  in  the  Journal  de  Physiqut,  under 
the  title  of  "  A  Memoir  on  tinning  Copper  Vessels  "  Extracts  froHi  this 
production  will  be  found  in  the  PhilosophKal  Ma^asine,  vol.  xxi.  p.  313. 

X  The  fusibility  of  the  earthy  compounds  depends  upon  their  proportions. 
Lime  and  clay  are  separately  infusible ;  but,  in  due  proportions,  the  mixture 
Is  capable  of  forming  a  perfect  glass. 

6  Chemicnl  Dirtwnary,  anicle  Pottery,  8vo.  London,  1808. 

II  Campbeirs  Puliiical  Surrey  of  Great  Britain,  vol.  if.  page  18. 

IT  Dresden  china  was  formerly  in  such  high  estimation  in  this  country,  that 
in  the  year  1763  a  single  service  of  it  was  sold  by  auction  in  London,  at  Mr 
rhtboff 's  sale,  for  115  pounjds.     Genlleman'9  Mag.  vol.  xxsiii.  page  312. 
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.  It  is  worthy  of  observation,  that  while  the  king  of  Prussia 
was  pursuing  every  possible  method  of  advancing  and  ex- 
tending the  manufactory  at  Berlin,*  the  works  at  Worcester 
continued  to  improve  year  after  year,  without  patronage,  and 
that  they  were  brought  to  their  present  perfection  solely  by 
the  genius  and  enterprise  of  the  proprietors. 

Of  late  years  a  porcelain   manufactory  of  considerable  . 
consequence  has  been  established  at  Coalport  in  the  county 
of  Salop.     Some  peculiar  kinds  of  China,  both  serviceable 
and  beautiful,  are  produced  at  these  works. 

The  common  heat  of  the  potter^s  kiln  %  England  is  about 
60^  of  Wedgwood's  pyrometer,!  which  is  equal  to  8877  de- 
grees of  Fahrenheit  for  the  cheapest  cream-coloured  ware, 
and  about  80^  of  Wedgwood  for  the  Staffordshire  porcelain ; 
though  I  have  reason  to  believe  that  the  manufacturers  of  the 
best  cream-caiourcd  ware  seldom  allow  the  heat  of  the  kiln 
to  exceed  45°  of  Wedgwood's  pyrometer.  It  must  be  recol- 
lected, however,  that  we  fire  twice,  and  that  these  heats  refer 
to  what  are  employed  in  converting  the  ware  into  what  is 
called  biscuit. 

I  am  not  myself  acquainted  with  the  respective  tempera- 
tures at  which  the  other  porcelain  manufacturers  fire  their 
ware ;  but  Dr  Henry  has  stated  that  the  Worcester  china 
vitrifies  at  94,  that  the  Chelsea  porcelain  is  fired  at  105,  and 
the  Derby  at  112  of  Wedgwood. 

.  In  the  Staffordshire  potteries  the  temperature  of  the  gloss- 
oven  is  generally  about  10°  of  Wedgwood,  or  2377  degrees 
less  of  Fahrenheit  than  the  heat  of  the  biscuit  oven.  The 
reason  of  this  is,  that  there  may  never  be  any  danger  of  the 
ware,  in  this  last  operation,  undergoing  a  higher  degree  of 
heat  than  it  experienced  in  the  first  burning ;  it  being  abso- 
lutely necessary  for  the  operator  to  be  careful  of  this  point, 
because,  as  clay  will  contmue  to  contract  by  every  addition 
of  heat,  it  must  follow,  that  should  it  ever  be  pushed  beyond 
that  degree  which  it  sustained  in  the  state  of  biscuit,  the 

*  In  order  to  eocoarage  this  manufactory,  and  make  its  productions  more 

Senerally  known,  the  King  made  presents  of  complete  services  of  the  Dres* 
eo  porcelain  to  all  the  sovereign  princes  in  Germany, 
t  For  an  account  of  the  construction  of  Wedgwood's  pyrometer  the  reader 
is  referred  to  the  72d  and  several  of  the  subsequent  volumes  of  the  Phiion- 
phieai  Tramaelions,  or  to  Murray's  SyHem  of  Chemistry^  vol.  i.  page  160.  The 
pieces  of  baked  earth  which  he  employed  for  the  pyrometers  were  analysed 
by  Vauauelin,  who  states  them  to  nave  consisted  of  silica  64,  alumina  25, 
charcoal  6,  oxide  of  iron  0*2,  water  6*2.  Nicholson's  4to.  JDuma/,  vol,  iii. 
page  26(^. 
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body  of  the  ware  would  experience  a  greater  coDtraction, 
and  consequently  erery  piece  within  the -oven  would  either 
become  crooked,  or  the  giase  would  be  injured^  The  firing 
of  the  gloss-oven  generally  requires  from  12  to  14  hours*  * 

The  glazing  for  the  common  cream<o)oured  earthenware 
consists  usually  of  certain  portions  of  litharge  and  grooad 
flints,  mixed  with  as  mucD  water  a&  will  form  them  to 
the  consistence  of  thin  cream,  which  is  found  to  be  a  state 
the  mqst  suitable  for  the  immersion  of  the  wdre.  One  hun- 
dred pounds  of  litharge  and  40  pounds  of  ground  flints  are 
the  common  propcA^ions ;  but  it  is  usual  to  take  80  pounds  of 
Cornish  grimite  to  100  pounds  of  litharge,  whenever  that  is 
used  inst^d  of  flints*  Flint  is  the  article  which  is  employed 
in  making  glaze  for  the  porcelain  as  well  as  for  the  coarse 
earthenwat'e,  it  being  nearly  all  silica.  Kiaproth  found  com* 
mon  flint  to  consist  oC  ignited  siKca  98  parts,  lime  0*50^ 
alumina  0*25,  ignited  oxide  of  iron  0*35  parts,  volatile  in  the 
fire  !•* 

For  the  finer  kinds  of  earthenware  and  for  porcelain,  it  is 
made  with  white  lead,  ground  flint  glass,  ground  silica,  and 
common  salt.  Some  manufacturers,  however,  add  other  ma- 
terials ;  most  of  those  who  superintend  this  department  ima^* 
ining  that  they  possess  a  valuable  secret,  and  that  in  conse- 
quence of  it  their  glaze  is  much  better  or  cheaper  than  that 
of  others. 

In  all  manufactories  it  is  found  necessary  to  vary  the  com- 
position of  the  glaze,  according  to  the  nature  of  the  materials 
which  form  the  body  of  the  ware ;  and  the  former  cannot  b« 

Eerfect  unless  it  be  capable  of  contracting  and  expanding  br 
eat  and  cold,  in  the  same  propertion  as  the  ware  itself  wiH 
contract  or  expand  b]^  change  of  temperature.  The  writer 
of  the  article  Porcehmi  in  tnc  Frencn  Chemical  Dictionary 
very  properly  remarks  that  ^^  a  glass  which  makes  a  fine 
glazing  tor  one  porcelain  will  make  a  very  bad  glazing  for 
another  sort  of  porcelain,  will  crack  in  many  places,  and 
have  no  lustre*  The  glazing  must  be  appropriated  ta  the 
density  of  the  ware  and  the  ingredients  ol  its  tomposidon.'* 
^  As^the  munber  of  potters  has  increased  very  much,  within 
the  last  50  years,  the  competition  has  bccopxe  so  great  that 
every  noanufacturer  is  un/ier  the  nocessity  aCconsuItiDg  ecoo* 
omy,  and  of  sometimes 'Sacrifioiog* the  utnity  and  goodness  of 
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Ihe  Ware,  for  the  sake  eitfter  of  appearances  or  of  adopting 
the  cheapest  modes  of  manufacture  that  can  be  devised.  To 
one  of  tnese  causes,  may  be  attributed  the  introduction  of 
bones  into  the  manufacture  of  porcelain.  Of  this  article 
there  is  now  $o  large  a  consumption  in  the  Staffordshire^ 
potteries,  that  some  oi  the  great  manufacturers  have  exten- 
sive rooms  which  are  used  solely  for  the  reception  of  bones. 
Animal  bones  are  composed  of  lime  and  phosphoric  acid,  in 
different  proportions  according  to  the  age  and  species  of  the 
respective  animals  to  which  they  belonged.  These  are  either 
bought  of  the  indigent  bone-collectors  in  the  country,  and 
then  burnt  and  ground  by  the  potter,  or  they  are  purchased 
ready  burnt  anaground  for  use,  directly  from  those  who  dis- 
til volatile  alkali  or  spirit  of  hartshorn.  It  is,  however,  gen- 
erally known  to  the  china  manufacturers,  that  this  article  is 
injurious  to  the  texture  of  the  ware  :  its  use,  therefore,  can- 
not be  justified  on  any  account  whatever. 

I  allow  that  ground  bones  have  the  effect  of  rendering  the 
goods  very  white,  and  also  that  they  produce  a  transparent 
appearance ;  but  I  doubt  whether  this  be  a  real  transparency, 
or  only  a  deception.  Thus  far,  however,  one  may  venture 
to  assert,  that  the  modern  English  porcelain,  which  has  the 
usual  proportion  of  bones  in  its  composition,  is  of  much  less 
specific  gravity  than  it  ought  to  be,*  and  is  very  apt  to  crack 
with  hot  water.  As  the  base  of  animal  bones  is  phosphate 
of  lime,  it  might  be  worth  while  for  the  potter  who  is  deter- 
mined to  use  bones,  to  try  whether  the  native  phosphate  of 
limef  can  be  useful  in  malcing  porcelain,  and  if  phosphate  of 
alumina  may  also  be  employed  in  this  manufacture. 

In  returnmg  to  the  subject  of  glazing  it  will  be  proper  to 
state  that  the  common  earthenware  would  be  too  porous,  and 
many  kinds  of  fluids  would  pass  through  it  were  it  not  de- 
fended by  an  artifical  covering  or  permanent  glaze.  It  be- 
came necessary  therefore  to  contrive  a  composition  which 
should  vitrify  and  flow  in  the  fire,  so  as  to  cover  these  mate- 
rials of  earth  with  an  entire  coating  of  perfect  glass. 

Such  a  glaze  having  been  found  in  a  mixture  of  oxide  of 

*  For  the  ipecific  gravity  of  good  porcelain,  see  Note,  page  628. 

•f  A  memoir  by  Hassenfratz  *'  Ou  ine  native  phosphate  of  lime  '*  may  be 
seen  in  the  Annaltt  de  ChimU,  tome,  i.  page  191.  Likewise  some  "  Remarks 
on  phosphate  of  alumina  and  on  a  mountain  of  calcareous  phosphate,"  by 
Prontt,  ID  the  same  volume,  page  196. 
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lead*  and  silica,t  as  mentioned  aboVe,a  certain  proportion  of 
each  of  these,  ground  to  an  impalpable  powder,  is  thrown 
into  a  tub  of  water,  and  stirred  therein  till  the  mixed  powder 
becomes  suspended  and  uniformly  dispersed  throughout  the 
fluid. 

The  glaze  having  been  thus  prepared,  it  is  applied  to  the 
ware  in  the  following  manner.  A  workman  to  whom  this 
dutj  belongs,  receives  the  goods  from  a  boy,  who  delivers 
them  to  him  one  at  a  time;  aod  as  he  receives  each  single 
piece,  he  dips  it  in  the  liquid,  lets  it  drain  for  a  moment,  and 
then,  placing  it  on  a  board  standing  beside  him,  he  is  ready 
to  receive  another  piece,  which  he  immerses  in  like  manner. 

It  is  in  ihis  way  that  the  glaze  is  applied  to  all  the  various 
articles  which  are  made  of  the  common  earthenware;  and 
as  it  is  only  partially  baked  or  in  the  state  of  biscuit,  when 
it  is  immersed  in  the  glaze,  a  sufficient  quantity  attaches  itself 
to  the  surface,  which,  when  it  has  been  fused,  will  form  over 
it  a  complete  covering  of  glass.  This  mixture  has  great  fusi- 
bility, though  silica  alone  does  not  melt  in  the  focus  of  the 
most  powerful  burning  mirror.  Mr  Hare,  however,  fused  it 
completely  by  submitting  it  to  the  flame  of  a  stream  of  mixed 
oxygen  and  hydrogen  gases,  and  found  that  it  formed  when 
cold  a  kind  of  enamelt. 

There  are,  however  strong  objections  to  this  mode  of  glaz- 
ing pottery.  The  men  who  work  in  it  for  a  considerable 
time  are  apt  to  become  paralytic,  probably  from  the  lead  :§ 
and  where  acids,  which  have  the  power  of  dissolving  the 
lead,  are  eniployed  in  preparing  condiments  for  our  food, 
such  a  glaze  must  be  extremely  unwholesome. 

Aware  of  the  pernicious  effects  of  lead,  when  taken  into  the 
Stomach,  M.  Fourmy,  an  ingenious  manufacturer  at  Paris, 
has  prepared  water-coolers,  in  which  he  has  employed  lava 
for  the  glaze,  instead  of  the  deleterious  metallic  covering 
which  is  more  commonly  used  for  that  purpose.  Pumice-stone 
has  also,  as  I  understand,  been  used  for  covering  earthen- 
ware, and  with  very  good  eflect. 

*  The  1<  rench  potten,  iottead  of  ao  oxide  of  lead,  use  the  commoa  g^deam 
or  sulphuret  of  lead  for  this  purpose. 

f  Sillcii  was  formerly  knowo  by  the  name  of  the  tilrifiable  earth,  because 
mixed  wiih  ao  alkali  it  possesses  the  property  of  fusing  ioto  a  transpareat 
glass. 

t  Philommhieal  Magaainty  vol.  xiv.  page  304. 

§  Some  ciirections  for  the  prevention  of  this  malady  will  be  found  ilLTfce 
Ckcmical  Calcdiismy  tenth  ecUtion,  page  101. 
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Some  of  the  French  potters,  at  the  suggestion  of  Chaptal, 
have  substituted  common  flint  glass  for  lead  in  their  glazing, 
and  have  found  it  not  only  safer^  but  more  economical.  They 
grind  broken  flint  glass  to  a  fine  powder ;  and  when  this  is 
mixed  with  a  due  portion  of  clay  and  water,  the  goods  are 
dipped  into  it,  as  our  potters  dip  their  ware. 

The  potters  of  Bristol  and  Lambeth  glaze  their  stone  ware 
with  common  salt.  When  the  oven  has  acquired  a  certain 
temperature,  the  salt  is  cast  in,  and  the  vapours  arising  from 
it  attach  themselves  to  the  goods,  and  completely  cover  them. 
The  alkali  of  the  salt  probably  combines  with  the  silica  of 
the  ware,  and  forms  a  true  glass  upon  their  surfaces. 

The  English  potters  are  however  fond  of  using  a  glaze 
made  with  lead  and  silica,  because,  whatever  the  articles 
may  be  which  are  emplowed  for  this  purpose,  it  is  necessary 
to  give  them  a  heat  su£5cient  to  vitrify  the  materials  and  con- 
vert them  into  a  perfect  glass ;  and  when  the  best  articles  are 
made  use  of  in  forming  a  glaze,  the  heat  which  is  employed 
must  be  very  considerable ;  whereas  lead  alone  will  readily 
fuse  and  form  a  glaze  that  may  be  finished  at  a  very  low  heat 
iqdeed.  This,  however,  if  used  alone,  would  make  a  glaze 
too  soft,  and  so  extremely  fusible  that  it  would  be  apt  to  run 
very  much  towards  the  lower  parts  of  the  ware,  and  leave 
the  upper  ones  imperfectly  covered. 

Half  a  century  ago  our  potters  were  so  careless  in  their 
manner  of  applying  the  salt  glaze  to  the  stone  wares  of  Staf- 
fordshire, that  large  importations  were  made  from  France 
and  Holland,  where  the  manufacture  was  better  conducted ; 
and  had  it  not  been  for  Mr  Wedgwood's  timely  inveation  of 
the  Queen's  ware,  it  is  probable  that  the  best  part  of  the  trade 
would  long  a^o  have  been  lost  to  this  country. 

A  variety  is  sometimes  given  to  the  glaze  by  mixing  cer- 
tain oxides  of  the  metals,  especially  that  of  copper,  or  other- 
wise the  filings  of  copper ;  but  this  coloured  glaze  is  generally 
applied  only  partially,  and  merely  for  goods  of  inferior 
quality.  The  edges  of  common  plates  are  sometimes  colour- 
ed by  this  method.* 

his  ahoufitixty  years  skiee  the  phdn  creaiiMiolouped  Ware 
of  Mr  Wedg^vppd  was  introdutea*  .  Ati  t^al  time,  thiji  una- 

r 1:  '.'..A    '-.t.-.:    :.      ■   •  -:.-•  \     ..  *   ^  ^  •       ,       .     .     ■;    •.>   /    i)        » 

*  The  beaatiful  black  glase,  whicli  la  sett  on  a  peenlicir  Mtt  of  wkft  Wade 
at  Ndttlugtiaiaf,  fo  eompoMd  of  21  partu  by  weigM  of  irkUelMd,  5'of  flfntt, 
and  3  of  the  oxide  of  maoganeio.  WatoOttll  C/mmktU  E$m^  f  aI;  fli.  pttge 
271. 

Bost.  Jaw.  dug.  Sf  Sept.  1826.  68 
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domed  and  simple  article  was  thought  sufficient  for  everj 
purpose  where  porcelain  was  not  employed ;  and  the  neatness 
and  cleanliness  of  its  appearance  gave  it  such  a  decided 
preference  that  her  late  Majesty  allowed  the  worthy  inventor 
to  call  it  QtMen^s  uare ;  but,  when  a  demand  ai^se  for  more 
expensive  services  of  pottery,  recourse  was  had  to  the  penciL 
From  that  period  a  great  number  of  artists  have  been  con- 
stantly employed  in  painting  earthenware  as  well  as  porcelain, 
and  often  great  taste  is  displ&yed  in  these  productions. 

It  must  not  however  be  imagined  that  painting  on  earthen- 
ware was  a  new  invention.  The  paintings  of  the  ancients  of 
this  kind  are  rare  and  valuable.  The  Marquis  MarceUo 
Yenuti,  in  his  description  of  the  curiosities  found  in  the  an- 
cient city  of  Heraclea,  speaks  of  one  upon  slait^  representing 
a  muse  crowned  with  laurel,  with  a  musical  instrument  hang- 
ing on  her  shoulders,  which  was  found  in  one  of  the  subterra- 
neous cavities,  and  is  described  as  being  then  in  the  posses- 
sion of  Signor  Nicoio  Vagnucci  of  UorUxia^  one  of  the 
principal  supporters  of  the  Academy  of  Tuscany** 

Nevertheless,  it  must  not  be  concealed  that  Chaptal  has 
shown,  that  the  Romans  of  the  first .  centurv  were  im^ 
acquainted  with  any  of  the  metallic  fluxes  with  which  t^ 
moderns  fix  and  vitrify  the  coverings  of  their  pottery.  For 
the  particulars  consult  his  very  mstructive  account  of  certain 
colours  which,  were  fi^und  in  the  shop  of  a  eolour-merchant, 
in  one  of  the  streets  of  the  ancient  Pompeia,  especially  as 
he  has  there  told  us  wbat  was  the  composition  of  the  giaae 
which  the  potters  of  that  day  did  actually,  employ.t 

To  return  to  the  consideration  of  the  paintings  on  Finglish 
earthenware,  it  must  be  observed  that  the  variety  of  effect  is 
produced  by  means  of  =  the  different  metallio  oxides,  each  of 
which  aflbrds-a  difiereat'Oolour,  and  these  colours  are  a^in 
multiplied  by  such  misturea  of  two  or  mare- of  ithe  oxidixed 
metais,  as  experience  has  shown  to  be.usefuL 

In  employing  these  various  colours,  the  ground  oxide  is 
first  mixed  with  a  prepared  flux,  which  iaalso  reduced  to  an 
impalpable  powder,  and  then  thismixtureisiisvell  incorporated 
with  gum  water,  the'  add  tiftarf  oil  -oi  turpentine,  or  some 
other  essential  oil,  as  may  be  most  siiitiible,  in  point  of  ex- 
pense or  otherwise,  for  thie  goods  on  wbicJj^  it  is  to  be  em- 
ployed.   The  fluids  are  used  merely, to  lay  on  the  colour; 
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•  Simmy's  TrmuUaMtn,  8yo.  London^  nSO,  pftg»  107. 
t  AwmUu  dt  ChmUf  tome  Ixi,  p.  22. 
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for  it  is  necessary  that,  whatever  oil  be  employed,  it  should 
have  the  property  of  evaporating  entirely. 

The  preparations  whicn  are  commonly  used,  are  the  me- 
tallic oxides  and  their  combinations  with  acids*  Thus  cobalt 
yields  a  blue ;  antimony  and  silver  give  yellows  and  oranges ; 
platinum  a  silver  colour  ;*  sold  violet  and  purple ;  copper 
the  greens ;  while  the  reds,  the  browns,  and  the  blacks,  are 
derived  from  iron. 

The  oxide  of  cobalt  employed  in  the  pottery  b  usually 
prepared  from  zaffre,  which  is  an  expensive  article  imported 
from  Saxony,  though  a  few  years  ago  very  fine  oxide  of  co- 
balt was  procured  from  Cornwall )  for  preparing  antimonial 
yellows,  the  crude  antimony  is  first  calcmed  witn  lour  times 
Its  weight  of  nitre,  and  is  then  mixed  with  a  certain  propor- 
tion of  vitrified  lead.  The  precipitate  of  Cassius  is  the  arti- 
cle which  is  generally  used  for  the  production  of  violets  and 
purples,  though  sometimes  the  oxide  of  gold  precipitated  by 
copper  is  employed.  For  greens,  the  copper  has  usually 
been  taken  in  the  state  of  a  precipitate  ^  but  some  potters 
have  found  an  article  of  more  value  in  the  pure  oxide  of 
copper,  which  they  procure  by  placing  sheets  of  copper  in 
the  ovens  in  which  the  ware  is  glazed ;  and  it  has  lately  been 
discovered  that  a  small  portion  of  copper  mixed  with  the 
iron  very  much  increases  the  intensity  of  the  blacks  on 
earthenware.  Besides,  iron  itself  is  capable  of  giving  a  great 
variety  of  colours,  according  to  the  way  in  which  it  is  man- 
aged. For  instance,  the  black  oxide  of  this  metal  produced 
by  the  action  of  heated  air  only,  will  be  u  very  dinerent  ar- 
ticle when  used  as  a  pigment  from  an  oxide  of  iron  prepared 
by  other  means. 

It  is  here  necessary  to  remark,  that  in  painting  on  the  bis- 
cuit no  oil  is  used ;  the  metallic  oxides  are  mixed  with  water 
only ;  and  it  is  owing  to  this  circumstance  that  such  ware 
may  be  glazed  at  once  without  being  put  into  an  oven,  as  is 
the  case  with  those  goods  which  are  known  by  the  appellar 
tion  of  btue-prinUd. 

For  certain  purposes,  however,  the  painting  is  performed 
vpon  the  glaze,  as  some  colours  would  be  injured^  and  others 
destroyed,  by  the  heat  of  the  glosa-oven.  Thus,  where  iron 
is  employed  to  produce  blacks  or  browns,  the  painting  is  al- 
ways done  t9>on  the  glaze ;  the  ware  is  then  finished  in  an 
enameloven,  at  about  eP  of  Wedgwood's  pyrometer. 


t  Some  obBervattofMlky  KtaproOi  on  the  lues  of  platikiim  in  pofterfi  may 
be  seen  in  the  Phil.  Mag,  vol.  ivii.  pnge  IW. 
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Some  metallic  oxides  are  used  for  another  intention  be^tides 
that  of  painting,  viz.  for  the  purpose  of  covering  the  ware 
entirely  on  the  exterior,  as  is  the  case  when  the  sulphuret  of 
antimony  is  employed  for  producing  a  common  kind  of  yel- 
low ware ;  and  also  for  those  articles  known  by  the  names  of 
GOLD  and  SILVER  LUSTRE.  The  first  of  these  lustres  is  effected 
by  means  of  gold,  the  latter  by  the  oxide  of  platinum.  For 
gilding  porcelain  the  metal  is  used  in  its  metallic  state.^  To 
procure  it  in  a  pulverized  form,  it  is  dissolved  in  aqua  rc^a, 
and  then  the  acid  is  driven  oiT  by  heat,  and  the  gold  remains; 
this  is  then  mixed  with  borax  and  gum-water,  which  form 
together  a  proper  vehicle  for  fixing  it  upon  the  goods.  After 
this  it  is  bakea,  and  finished  by  burnishing. 

For  preparing  the  lustre  ware,  as  it  is  called,  the  oxide,  of 
whatever  kind  it  may  be,  is  mixed  with  some  one  of  the  es- 
sential oils,  and*  in  that  state  it  is  brushed  upon  the  surface  of 
the  articles.  It  should  have  been  observed,  that  when  the 
manufacturer  intends  to  make  histre-ware,  the  articles  are 
glazed  before  the  gold  or  the  platinum  is  applied.  For  gold- 
lustre,  the  ware  is  made  of  a  red  clay,  which,  when  burnt 
and  glazed,  shows  so  much  of  its  colour  through  the  covering 
of  gold,  as  is  snfiicient  to  give  the  goods  that  peculiar  brown 
tint  which  is  always  observable  on  this  singular  kind  of  pot- 

When  the  metallic  oxide  has  been  properly  applied  io  th^ 
surface  of  the  goods,  they  are  carried  to  an  enamelling-oveo, 
where  the  heat  dissipates  the  oxygen,  and  restores  these  pre^ 
ci<Mis  metals  to  their  metallic  state*,— I  cannot  say  quite  to 
theirs  primitive  metallic  brilliancy,  because  this  is  often  much 
injured  by  the  fluid  menstrum  i  employed  in  the  operation* 
The.  great  difference  which  there  is  in  the  appearance  of  this 
waro^  especially  in  that  which  isrooyered  with  platinum,  can 
only  be  thus  accounted  for.  -  Soone..  of  it  looks  like  silver, 
while,  the  articles  from  other  maoAfaBtories  are  more  like  iron 
orsteeL  i    .     •. 

lonce  imagined  that  this  variation  might  arise  from  a  dif> 
ferent  mode  of  preparing  the  oxide  of  platinum.  I  therefore 
prepared  two  samples  of  this  oxide,  the  one  precipitated  by 
caustic  ammonia,  and  the  other  by  muriate  of  ammonia ;  but, 
when  I  had  them  tried  by  an  experienced  potter,  both  pro- 
duced precisely  the  same  colour. 

]  wish  some  manufacturer  would  attempt  to  produce  this 
wajre  by  mixing  the  oxide  of  platinum  witn  pure  water  only; 
for  in  that  case  I  am  persuaded  the  ware  when  finished  would 
be  as  white  as  the  platinum  itself. 
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The  potters  of  England  have  derived  great  advantage  from 
the  introduction  of  the  printing-press.  The  use  of  this  valu- 
able machine,  which  b  comparatively  of  late  date,  has  ena- 
bled these  manufaotorers  to  produce  a  greater  variety  of 
patterns,  and  of  neater  execution,  than  could  possibly  be  ac- 
quired at  a  small  expense  by  the  pencil. 

As  this  is  a  curious  bfomch  of  the  business,  it  will  be  proper 
to  describe  it  a  Kltle  more  partieularly.  It  consists  in  first 
printing  the  intended  pattern  with  some  metallic  colour, 
chiefly  the  oxide  of  cotMilt,  on  what  is  called  silver  paper, 
and  then  in  traBsfenriiig  the  colour  from  the  paper  to  the  sur- 
face of  the  porodain.  - 'This  style  of  cdourtng  earthenware 
is  a  very  successful  usitation  'of  the  old  blue  porcelain  of 
China,  and  of  late 'years  has  been  the  means  of  extending 
the  consumption:! or 'British  pottery  throughout  Europe  more 
than  any  other 'inprovement  in  the  manufactory ;- for  the 
potters  of  Ghkiatare  totallv  unacquainted  with  the  printing- 
press,  and  consequently  all '  their  designs  are  produced  by 
the  penuil  aldnev     •     ■  >'        >        .      . 

This  mode  of  impaFting  designs- to  the  surface  of  earthen- 
w^are  or  poh:ebtD,  andiwineh  tis  ^known- in  the  trade  by 
theappelladon  ol 'firL0BPBimN«)>is«mainugcd  -somewhat  in 
the  following  manneiu  ^        '         .  ■•  }v     .' 

One  man  constantly  attends  the  press,  which  is  very  simi- 
lar to  our  ooiQffloA'  copper^plate  printuiff-press  f  and  as  soon 
as  be  hasappliedtlie  colour,  whioh  is.  laid  'onth^: copper  in 
the  same  iiamier  as^the  coppenfikute^prioterft  ^PPfy  the  ink, 
he  lays  it  open  a  faot'iron,  to*thin>  the  oil  with  whicn  the  col- 
our i8*alwa{ys<mixed  lev  this  purpose.-  The  oil^  which  is  used 
is  a.  peoqBarMprepatation  of  *  boiled  linseed  oil.  When  the 
cokniriupon'tke^Qappef^plate  isitUilaredilKred.to  a  proper  con- 
8istence4ia8hl3etk>r 'silver  paper  ik-laid  over-it,  and  thework- 
ma»  passesiit^Mtk  the  paper^^hrovgh  tfaepress.    > 

•For  blue  >prin  ting,  the*  oxide /of  cobailtiiathe  only  mineral 
which  is  employed.  This  is  largely  prepared  in  the  Stafford- 
shire potteries,  and  sells  fromr  409i  lor  60#*-tho  pounds  accord- 
ing to  its  intensiti^iand  goodrtesa^  Indeed^socfe ioipro^einents 
have  been  made<in^die*aafiufaot«v6  o£  thifl(icolovr,  timt  the 
Chinese  potters  afe  now  soppfiedrifnom  Sn^aiftl  with  all  the 
cobalt  they  consufie^      .»••;:♦ j  • 

When  the  paper  comes  fr<ntt -the  printing-press,  it  is,  of 
cotnrse,  found  to  be  ateRnped'Mth  the-  intendea  pattern.  It 
is  then  delivered,  while  wet  with  the  colour,  to  a  girl,  who 
cuts  off  the  superfluous  paper  with  a  pair  of  scissars,  and 
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passes  it  to  another  girl,  who  immediatelj  applies  it  to  a 
piece  of  biscuit  ware,  and  then  delivers  it  to  a  tliird,  who 
fixes  it  more  firmly  by  rubbine  it  very  hard  with  a  piece  of 
flannel  tightly  rolled  up  in  the  lorm  of  a  short  cylinder. 

The  desi^  of  this  hard  rubbing  is  to  force  the  colour  into 
the  pores  of  the  ware*  When  the  papers  which  have  heat 
thus  applied  have  lain  on  for  about  an  hour,  the  colour  is 
generally  found  to  be  sufiiciently  fixed  to  admit  of  their  be 
ing  detached.  This  is  efiected  by  putting  the  articles  into  a 
tub  of  water,  where  the  paper  soon  becomes  soft  and  pulpy 
enough  to  allow  of  its  being  peeled  oflf  by  gentle  friction, 
leaving  the  full  impression  of  the  pattern  upon  the  biscuit. 

The  papers  having  been  removed,  the  ware  is  suffered  to 
stand  a  sufficient  time  to  become  dry,  and  then  it  is  put  into 
an  oven  at  a  low  heat,  for  the  purpose  of  dissipating  the  nil, 
and  preparing  it  for  receiving  the  glaze. 

It  must  be  obvious  that  it  is  necessary  to  employ  a  ^iut 
which  is  transparent,  in  order  to  give  full  effect  to  the  bril- 
liancy of  the  cobalt  colour.  A  little  of  this  blue  oxkk  k 
also  generally  mixed  with  the  glaze,  for  the  same  purpose  as 
laundresses  employ  smalt  with  their  starch,  viz.  to  increase 
the  whiteness,  by  subduing  any  yellow  tint  that  might  other 
wise  impair  its  lustre. 

Here  I  cannot  avoid  observing,  that  it  would  be  an  impor- 
tant acquisition  if  isome  suitable  article,  instead  of  oil,  cotild 
be  discovered  for  mixing  with  the  colours  which  are  emploj- 
ed  in  printing  on  earthenware,  and  which  could  be  of  sncb  a 
nature  as  not  to  require  to  be  burnt  off  previously  to  die  ap- 
plication of  the  glaze.  It  appears  to  me  to  be  woplii  wlule 
to  institute  a  series  of  experiments  for  this  particular  object; 
because,  if  It  could  be  attained,  what  immense  ^uantitieB  of 
printed  goods,  besides  those  which  are  ornamented  by  the 
pencil,  mi^ht  be  completely  finished  with  two  firings,  iast^d  of 
three,  which  on  the  present  plan,  such  goods  always  require! 
Were  it  on  no  other  account  than  the  expense  of  this  vdii- 
cle,  it  is  desirable  to  find  a  substitute.  Some  of  the  fifSt 
enamel-painters  think  it  necessary  to  use  even  the  best  recti- 
fied oil  of  amber,  and  this,  of  late  years,  has  been  y<erj 
costly. 

Another  idea -occurs  to  me  respecting  printed  ware,  wiikh, 
however  fanciful  it  may  now  appear,  will,  I  doubt  not,  some 
time  or  other  be  realized.  What  I  rc^er  to  is,  the  possibili^ 
of  printing  two  or  three  different  colours  at  once,  like  the  Ijan- 
cashire  calico-printers.    This,  I  presume,  would  be  a  discov- 
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erjr  of  great  importance  to  every  manufacturer  of  fine  earth- 
enware or  porcelain. 

A  red  o^ide  of  iron  more  brilliant  than  any  hitherto  em- 
ployed would  be  also  a  valuable  acquisition.  That  which  is 
commonly  used  is  procured  from  green  vitriol  by  calcination ; 
but  I  would  suggest  that  a  much  finer  colour  might  be  pre* 
pared  from  nUraU  of  iron,  and  advise  the  potter  to  take  sev- 
eral portions  of  it  and  precipitate  the  iron  by  the  different 
alkalies,  each  in  a  state  of  causticity ;  and  by  these  means 
he  would  readily  discover  which  produced  the  best  and  the 
brightest  colour.  If  four  distinct  precipitates  were  made, 
viz,  one  with  lime,  another  with  potash,  a  third  with  soda, 
and  a  fourth  with  ammonia,  it  is  probable  they  would  be 
found  to  be  of  very  difierent  value  for  the  purpose  of  paint- 
ing on  china.  The  alkaline  carbonates  would  probably  give 
precipitates  of  inferior  qualities ;  but  by  a  subsequent  calci* 
nation  the  carbonic  acid  would  be  separated,  and  something 
valuable  might  be  produced. 

In  making  this  experiment,  it  will  be  necessary  to  prove  all 
these  difierent  oxides  on  exactly  the  same  kind  of  porcelain, 
or  the  result  might  be  deceptive ;  for  it  is  well  known  to 
practical  men,  that  the  oxide  of  iron  will  not  produce  the 
same  fine  red  upon  common  china,  as  it  will  upon  the  hard 
porcelain  which  is  glazed  with  felspar. 

The  residuum  which  is  produced  by  those  makers  of  aqua- 
fortis who  use  sulphate  of  iron  instead  of  sulphuric  acid, 
might  answer  a  good  purpose,  if  thoroughly  freed  from  the 
alkaline  salt  which  it  always  contains. 

It  was  my  intention  to  have  offered  some  remarks  on  the 
manufacture  of  crucibles,  retorts,  and  other  chemical  vessels, 
which  are  required  to  sustain  a  great  heat ;  but  having  al- 
ready extended  this  Essay  much  beyond  its  proposed  limits, 
I  must  content  myself  mih  oierely  referring  to  those  authors 
who  have  already  treated  on  this  subject.  The  most  impor* 
tant  of  these  is  Pott,  who  wrote  a  work  expressly  upon  it^* 
as  I  have  already  mentioned.! 

I  shall  detain  the  reader,  however,  just  to  notice  that  the 
chief  difficulty  which  the  manufacturer  finds  in  preparing 


*  IMhcgeognone  Pyrotechniayef  ou  Examen  Chymiqae  det  Pierres  tt  da 
Ttrru,  12iao.  2  vols.   Paris.  1753. 
t  See  Ntcbolsdh's  ChtmiccU  IHeiionary,  8vo.  article  Pottety ;  or  2%e  French 
* '    '  -'  JHdwMtnff  ander  the  9ame  article. 
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SQcb  'Uti&iMili  as  cTuctbles;  &b.  is;  th4t  ff  the  portidn  of  silica 
vrere  employed  which  is  tiecessah^  to  give  sufficient  compact- 
ness, the  war^  wotold,  frbm'this  v^ry  circifmstance,  be  liable 
to  bectJmc!  useless;  bfecitise ' paanj^  6t'  mt  cbemicat  articles 
bate  the  birdperf^  trf  dfe^oHinj^  sflida;  An  expecflent  has 
therefore  been  i/cfepled  of  iriiiring  a  large  |k)rlion  <tf  old  pot- 
tcrV  with  th(6  fifesh  cliy/whicb;  fives  it  (he^  desire^i  weght, 
and  yet^  Is  hotf'li^ble  to  be'tflss6Ived  bV  tfte  ^H^klies  like  pure 

■"aitifor-sandi^  '  "-  -^\'V'  ^'"  •;-  .  ;";'^;\'-^;.'"/'  "  '  ' 
I  am  morcdter  de^ous'  of  suggesting,  Wjieiber  H  diight  not 
be  advisable  to  ttix  afutniha  aridTilica  m  cortititv  broport^ns ; 
and,  hd^n^  kh^sided  tHi^  tiii^ture  into  balfs^  W.  Wm  them  in 
-an  ovefh  )ait  tne  hfgh^t  t^mpef^atiire  the  ihixtu^e  e^n  endure ; 
and  whetfiei^'&iid)  'a  tA'e]:^ardttoh  .would  riot  '^^e'tnore  suitable 
for'grtading  Witfi'ft^sh  elaV^tjhaA  the  ol^  bots  w!|iich  have 

•  liitherto  b'teeii  (1^6*  firf-  'AW' purbbse. ''  1  im'kdftie  Oiat  vessels 
ttiade  in  W^  watylwbtrW  '4tand''fteac  'and  cold  better,  because 
the  pores  of  fhfe  6fd  stiiff  iil-fe  dft^nstf  .closie,  tlictt'it  cannot  ex- 
pand and  eontrt^'by^ltATiiftltris  of  tmp^itwe'^^  it  ought 
to  do.  I  mean,  however,  very  so<^ti  to  as^ei^ih  this'by  fio°^^ 
direfct  8tnd  dfecirire  eipertafe^ts.^'  '"'   "  *;     '> 

I  am  infoirmed  by  a  SBi^ffi^ldl  maoufaetuV^r.^'tUat.^eir  c^t- 
dt^l  makers  liajx  grotfnd'cdkfe'^ith  the  best  StouVbrulge  clay, 
tmd  that  tbeir  crucibles  fbr"  melting  ^te^l  are'^^ade  with  ttus 
'mixttire.  Pure  ^rthenwari  is  tibt  fit  for  cWdiBlei^'drJifor'^jBy 
'vessels  that  must  eipa^ifl  or .<^onli*Sict  by  fcharigfe  ot  tei&era- 
iure,'  This  ha^  beeti  loiig  kAoini  •*  bftd^n  riotic^lft  ufone 

'Of  hfepdem^.      '  •"•    '.  ^-  '^"  *'■'    "■''  ^"  ''''  /-^'Vr  ''"'  ■ 

•^  •  IC  is  imia  that  rn  Pr&pie  ttie  v^rV ^bes^  9*tf6iWei'*wWc;(llley 
hafvev  dre  madfe  with  fihfe  fclay  mixeidf  up  Witli  oVf,  gro 
terpots;  and  that'tbete  ate 'com  jio^ed  6f' a^^etuffar  Knd  of 
Aone  \^^,  Whtcfris  maAiifacttired  fti  NdrtibnJiyi^;";  [^' 

Where  crucibles  are  required  for  melting  metSs»  those 
ddde  wfth'phiftibago  are  decldtedly  thte  B^stfburthesje  are 
uiisuftable  for'  other  purposes  of  the  Idbor^i^^^^^ 
when  ^aUs  and*  ^n^allne  ilux^s  ai^e  ebn^loyecf  in  dny-  process. 

In  a  paper  WVahdertnonde^  M^nge,  and  Ber(!hoilet  oh  the 
manufactured  of  stfeel,  and  which 'was  published  by  order  of 
the  Committee  of  Public  Safety  in  Paris  ip  the  second  year 
of  the  republic,  they  say,  "One  of  the  greatest'  difficulties 


.«      <IH      ' 


•  Sea  the  article  Pottery^  in  the  second  vol.  of  flWv  fVekck  Cknkieal  Die^ 
tionarff,  \     t-     - 
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we  find  in  this  country  (France)  is  to  procure  good  cruci- 
bles.* The  art  of  pottery  in  a  manufacturing  country  like 
Great  Britain  is  in  sJI  its  parts  truly  important. 

More  than  eighty  years  a£;o  the  celebrated  Reaumur,  in 
making  some  trials  on  glass,  discovered,  that  if  a  vessel  made 
of  the  common  |;reen  bottle-glpiss  be  submitted  to  the  heat  of 
a  potter's  oven,  imbedded  in  a  mixture  of  sand  and  ground 
smphate  of  /tme,  the  glass  of  which  it  is  composed  will  be 
changed  in  its  appearance,  and  acquire  some  of  the  propei^ 
ties  of  the  best  Oriental  china  y  become  so  hard  as  to  strike 
fire  with  steel ;  be  semi-transparent  like  porcelain,  and  will 
endure  sudden  changes  of  temperature  without  breaking*  An 
account  of  these  results  was  given  in  the  Memoirs  of  the 
Roval  Academy  of  Sciences  for, the  year  17S9. 

ilaving  mentioned  this,  I  have  only  room  to  add,  that  the 
late  Dr  Cewis,  who  conceived  highly  of  this  discovery,  made 
many  experiments  to  ascertain  its  nature  and  importance,  the 
particulars  of  which,  together  with  several  most  judicious  re* 
marks  upon  them,  will  be  found  in  his  celebrated  work  on 
the  commerce  of  the  arts*t 

The  sabject,  however,  appeais»  to  me  to  be  highly  deserv* 
ing  of  still  further  investigation,  especially  as  useful  vessels 
ofa  difficult  form  mav  be  made  more  easily  of  glass  than 
oJT  earthepware.  If,  therefore,  a  cheap  and  certain  method 
ot  pei*torming  this  species  of  cementation  could  be  adopted, 
the  ojpej'ettive  chemist  would  have  it  in  his  power  to  procure 
a  greater  yariety  of  chemical  vessels,  and  those  not  only 
'm6re.^ura(>le  Ibut  of  more  convenient  forms  than  he  can  pos* 
8i^ly,pb|taii^Jl^j,.any  other  means.  I  wish  soote  potter  would 
cotiiimence  '^^|manufectory  of  this  kind.  Such  ware  would  be 
highly  us^ul 'f<^r  many  domestic  purposes,  to  which  none  of 
the  commii^n  pottery  can  be  applied  either  with  convenience 
or  safetiyt  , '  " 

In  return  ^hg"  to  the  subject  of  earthenware,  it  is  proper  I 
should  state  o^  opinion,  that  chemical  vessels  are  of  ten  in<r 
Jured  by  the  oxide  of  iron  originally  pertaining  to  the  c)ay 
Itself,  as  it  acts  ^ike  a  flux,  reouering.  this  earth  too  fuaibl^  to 
admit  of  ^  proper  unk>n  with  the  siliceous  material  ^ of  ,ihe 
ground  j^ottery,  which  is  employed  in  ihfi  manufact^ufe  of 
such  articles.,   A  question  arises  here^  whether  oande  of  .iron 

*  An  abridgement  of  this  memoir  was  afterwards  published  in  the  19th  vol. 
ef  the  jSinnaU$  de  Cfttmte,  page  ia--46. 
t  Commercium  PhUotophico-Technicumj  p.  230—255.  . 
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alone  is  prejudicial  in  t^h  way,  although  its  sulphuret,  the 
pyrites,  aiayl)e»  It  may)  perhaps,  be  .worth  while  to  decide 
this  by  experitti€P<^  MIlcijimf  says,  that  if  a  bit  of  pyrites 
be  left  in  clay  which  is  to  be  exposed  to  a  baking  Hre,  it  will 
form  a  cavity  in  the  wareva«<lr(hat  .ibis  may  h^  known  by 
the  civtniinMaDce'Jctf'  tfaet(»ivity.  beingst^in^.biaGk. 

Th^reis  4ti'«M  paffipbiet;of.'9  f>agi2s  i^  jihei^o^of^  I^sti- 
tt!ition^  witb<Mrt''title*page!  or> date,. •ooi'^fnakiiigt rPPF^fUiii,  in 
Which  the  wrlt«t^  speaks'of  i  praccice  tJbbe>C^hH)^se^have  of 
')Kirifyitog''the^ealnb  they; employ/ for  d^e*  gla^?^  by  meaos  of 
^qua^ortfs. '  On'oreadinrg.  this,  iHioccttrred  to'iue^.^batit  might 
perhaps^  be^^trort^  tvying^iwhathdr  ttht^ienp^lli^nt/Cpuld  be 
adopted* with  hdvaftita^  impunfFjringssuoo.of/oui:  i^laya  as  are 
designed  for  the  finest  purposes*  '*  ;     -  •, 

Fdr  itft<>«6iiu'):k}les  ini^hiofatlte  BhetoicM::i¥|tu|*i^  of  the 
body  of '«he  war^i^  d&  itapoctantei^it/  jMoold  perhaps  be  ad- 
TiseaMe'  sflwayis  |o  '\fitoh:  th&  cl^iy  thotioiAghly? ),  .for,  if  pvrites 
be  t^nfaified  iii4t,Dhe'grcalcr(  parti  of  itbis  would  isubsiue,  on 
account' of  it^'Stiperibr specific ^avity,  whi)|^,the  argillaceous 
earth  remaified  suspeiKled  by.. the.  wtideirM  .  For  xhemical 
jars,  still  heads,  &c.  a  small  portion  of  itoj^,  woul4  probably 
not  be  iaj^iriotis.  *  'Vanqifeiin  atialyacid  tb^  claj(,  of  jifhich 
HeMian'erueiMea  are'made^>ai»d  fMnd  \l  ioico^ist  of  8  parts 
oxide  bf'iroiy,  craibinecl  wiik  '69:Qf  silica,  ^2  al,uxQQ99  and  1 

-CIs^  wtii^ih  cuntaiiiv  lime  is.  9(|tfaUy  imprpp^.  /or  the 
mMura^eittre "(pf  ctaemiealyesseb^  <lf  la^ayi  ^r^$pected  to 
tSonrfain''iiine^  or>>ratb6r  cauboftate  of  iicqe)  Ji'*4)fy  jr^adijy  be 
'  dtfscovef^d  by  }an  add,,  which^  Hi  |;^9,^aiHb  '^^iPH^s^n^  will 
occaskny  an^effeitvescence.  When  Ume/do^ej  i^pt  exceed  five 
or  avx'pev  oent.^'it  appears  -to  do  .«o  bfirm  '^^^rm^  (quality  of 
the  pottery ;  *  bck  wikeii  .more '  abundaat,  4ti  \  cQinfHi|V>|P^tes  too 
great  a  degree  ^f  fosiiotU^:.  ini  Hke^roanni^r  )\hp^^  ^r^  cases 
in  which  an  admixture  of  the  oxide  of  irop.,,i^  useful  and 
even  necessary-  •    i         - 

In  the  miaau^ftotuns  ef  iwihat  is,  igalif  d  De}fwai;'e  it  has  been 
customary  tomiat  a  portion  of  fcrriiginous  clay  with  the  other 
ingredients,  because  of  ks  pofise^sine  a  binding  quality  from 
whieb  othdrtipeeie^are  exempi«<  Tae  jollowii^  are  the  usual 
proportions :  two  parts  of  red  clay^  three  of.  Jblue  clay,  and 
five  of  marie.*  Most  of  the  red  clay  is  indebted  to  iron  for 
the  colour  which  it  assumes  i  but  wnen  iron  enters  in  any 

• 

'  *  ■■■■■■        ■  I  I  I     I  I      >■        w  (  1 1  m  I  ^  ■  IX 1^  — j^fc^^n  m  ii<  i>»     I  p  ■  ■!  ^^^^^^ 

*  See  Macquer*8  Chemical  Diclumary,  article  Delfioatt. 
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coDsidecbble  quantitj  into  tbe  composidoD  .of  tb^.fixier  kinds 
of  cdrthetiware,  it  impartB  either  a* red  or  a  brown  tinge  to 
it;  and  besides  tbis,  it  adds  iiKiire>  fO^ibilJAy  to  it  tbao  even 
.  lime*  .  .  ♦     ,  ^.  . 

Recollecting  the  drctnnstimcef  just  meDltoted  .  refpecting 
delfware, "it  e^cui^r^"tor  me,  in'reaaing*  oneiiof  tbe.i^olumes  of 
the  Atdu]g6logii^  tliiat^  a<oert;^n<irot|rorq  iMod  in  .Scotland 
wodd  probabi^y  be  useful,  wfaenimixtdjaatssiiaJlpiTopartiof!, 
for  some  arflcl^s  ttf  pditery^^j  I  vill  /^gihre-  aibia«bstir^ct  oi*  the 
passage  ybiefa  eaoght  my  attentioni^^  andivif  lany  io^ipiis 
manufacturer  shoiikl'be^«bie,4o  avail  htigeclf  oif  ^thi8>  bint, 
and  conv^rt''ili'  to- profit, >L^hall/b«irc|oiciiiilv»iid>Miall, at  any 
time  be  glad  to: be  informed oC^the  roaial^  and  db^riQCipfClMre 
particulars  which  attended  iUt-^'  n    ^  ;- ..  n  f),i>  .  :  .    .. 

In  the^nighlaMisiiof  Seotfand/«om&''))er9i(6ingMJbr  ^^pient 
walls  sire' to  Ce  ^em^  wiuefa  .donsiiat  of  ^Sstoiies  »pi^^.  l^uddy 
upon  oneatiotheiV^fiki^fifmi]!'  cemcoted''togQUwriW,ia' matter 
which  has  be^n  vitrified  *  by  nttaoai\af ({fire,  «nd  .wJotJ^ia^  forms 
a  kind  of  ftftiflctal-  r<^oki>tWi!r»i|»ts  .Ui^jiyjc^wsitvde.  o^  .the 
weather,  better 'thdn^^nyi  artificiai  •.  oenaeiH  thaA  r  basi  ever  yet 
been  dlscovered.''^i*  '-^      'i     -j    '     .    ^  .w.  ^' 

Mr  Jaitfes  Andek»9oti^ -4he  'perspn^  n^ho  ;ba^-  w.ritt€»i  upon 
these  cuHouS'  Temtiif»'^  antiqiiity^'bafi:  fe«iad.  Uiatf  through 
all  the  Ttoi^tbern'pat»tB  iof'43cmafnd^  Hrptiwlm^kit^  of  iron 
ore  of  a  very  vitrescible  nature  is  in  great  abundance^ « J^nce 
he  sfoppbseS'tbat  ^wli^ntbe  walls  w)cire(rc«red'<Mdyiqade  as 
firm  as  could'  be  by  dl^  steiaes  j)iled..aae)  upon^/aiafi^l^^fjUie 
inters^it:^s.%^\t^en'tiiet3)  were  fitted  witbtbia  vitifeisciiblQtiBon 
ore,  atid  the '  whble'^upj^Hted  by  a  faoddng  of  tlo^OoSMacs 
piled  bfchihtf  it.  Wheh  this  wall  vas.thua  Sw  cumpleCed, 
nt>thfr(^Dy^e'*wsfi"i]tece86aPf<to  -give  it  the  ^«iii»  ifinisbin^, 
but  to  kiWn^^a  'fire  alK  noiAid  it^sufficiient^iiQte9$o..to  iDeit 
the  titresdblc  cf(:j  and  thuffUo  •'Cement;  tbe  .whole  into  one 
coherent  iWa^'i^^ ''     ''•'"'    ••  '/.-..:.,.  ,.r»  ..• - 

Dr  Lewis  has  related  a  remarkable  instance. 4>f  th^  Affinity 
of  iron  for  silica.  Having  immersed  some. j^jk^e^iof, green 
glass  in  the  red  oicidoofi  iron  which  vemaimafber  thie  acid 
has  been  expelled  from  green  copperas,. and  baked  it  for 
several  hours  in  the  upper  chamber  of  a  ififind  furnace,  the 
glass  and  oxide  of  ir6n  were  found  to  have  run  together 

--■•-'  •■■-.i.-.-j.-^ 

*  ArduBologiay  vol.  v.  page  SoS,  ^tiere  aTsb  may  be  M6n  an  Meount  of  a 
fortificatloii  of  thislnnd  in  tbe  county  of  Ross,  with  a  print  of  it^  accompa- 
Died  by  some  ingeniouft  observaliQos  worthy  of  attention. 
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into  a  black  mass,  of  mffioieQt*  hardn^ssdo  Atrike.fitff  fireelj 
with  steel.  ^Mt  U  romarkable^^'  9ays  iie,  ^^ibat a  imetaUie 
substance  so  refractory  in  theSs^^ j^boald be  aa. greaily  clis* 
posed  to  melt  wiib.^recn  gla^^.^'*       '.    .. 

Nothing  qaa  be  of  ^ore  ittipiontanOe  lo  a  poUeffitkoiia 
ihorough  uowledg^.  of  tJ^  propfuties  ofi.fhei  different  kinds 
of  clays*.    Dr,  Campb^l), lio  >bi^oPoljti0aldi»rvay.af  Oreat . 
Britain,  states,  tjbs^t  v(e.batv^nfft)J)^s:.|hs|otlweiitytlliKi  disuo({t  • 
species  |t.  and  Mw^^im^it^ho^fiV^m^i^  lDpre.iMrKeigM^bunr>! } 
dred  speciq)eqs,«i^yS"l^at  hf^  al/4J[)0l|on«i«i^         did  Mt find  . 
one  that  was  entirely  free  from'metallic  matter.}  •   m 

There  .j&.<Kij^.^t)f»  ne^tf^if  bp<iiey^  «ab 

be  az9;mi»Qa ,}^  t^uy  .ac^ura^^jr^rafid  .)ilm  ( is  l  bji ith^  aidoof 
chemistry^  ^  Supb  /f^,mj^r§pd^9  t^boi'S^fe-  i^Umkbut/mH 
chemists^  v^l^b^^fofiei^Jow^fiH^MAai  9lQMiseM4keiii{Ui»^JMe'0»-. 
time  in.  acqMiiHRg  ,(tie>.,l^^H^J§^e  .QC<).anal(y9ing«<aq«tbs  ttm^ 
minerals*  r^^}f^  dirQ^l^oas^^iibfi^Att^fwDi^nrfiidit^  MtrviU 
be  found  ip-.tiiifwaH'-^  p^ipft^tsf  qfr^inflrdogy^iOrio  Ktepr 
roth's  Analytiq4  lif^^y^^l  jf^i^^rlic/BM^ireMit//  imposaible^tbat 
any  manuractore^  i|«^ljfiiiei^r^^f({bOntiiDfe»:^ldH(^Jt'may'*be 
necessary  for  him  ,ta  ^ai'f^e/tQvtbe  <a0(jttisitioi»?trf.^hat  elch 
mentary  kof>«(k4gQ  wbjcb  ^p»»i<ijd>)ffaaMe.him'b>  fonaiiH  these 
distinguisbj^d  writers  \y#h.p(i5^f^4reMd.0dva4ta||e«.  .i:.  .  ?  .j 

One  or  two  instances  of  the  mistakes  which  ms^y/oceiViia-: 
the  exaoun$|tiQ^rof  mjc^ij  sMbf(ta|^q^-!VRbf«itbeyan^  «fdiC 
submitted  ^'ch^Biieal  Hkoalysisf.willnbe  suffici^Qt*i9i«how'tb« 
importance- o|  t^  inqqiryri  Aod;  wiU^iI  Jiopei^  «ad«iQa  the^ilnior - 
practitioners  at  least,  to  adopt  this  advke,' (at)d)(eobto  fupoa 
that  coujr^.p/;«U]4y  wbicb  ^,be|m^t  RM]r  (M^iifibfdbipi^ 
as  well  9»  entertair>meat«>  •  .•  /•  7«  .    .f  «»•  *♦.'»  m.H  l.nn  •'■j  ,  -    •' 

The  pc€^iAUS;Stonai>ware  £^rm0rlgrioliisf[«d  w«lUisilMDecR»^ 
Ibssils ;  dr>d,  w(i(  Bepgmiwi  Md  JUaproibf ^aoa^^  da«rai«I 
of  themi  they  ip^ase  ,f|aiidra%,i^ppoi9<d  tta  b^r^ofttktljrltiam*'  . 
posed  of  silica. ^(H^biiitid  with  aiporaiao'  Hi€i^^fibgitiM$^y   . 

AViltira/  iiutory  of  J^trthcmptontkirt. ^p%gA  7,1,,     .  .     ,.     , 

t  Macauer's  Mrmoii  upon' tflayt,' presenXei  {'o  th^' French  Acad^dify  in 
1762,  and  abridged  in  tne  French  Cfumieal  Diettoiiary^ under  the-«f(iole 

^  Printed  in  2  vols.  8vo.  London ,  I7d4«  '\ 

f  Translated  frqui  the  German,  in  2  vols.  8vo.  London,  1961. '  , 

IT  See  Bergman's  Essay,  entitled,  '<  A  OisseHation  on  the  ^artb  of  Oems," 

in  bis  Collection  of  Kskays,  toI.  li.  p.  76—121 ;  and  Klaproth's  AHoiyHad 

Eua^i  before  mentioned. 


On  Earthenware  and  Porcelain.  546 

to  which  they  were  solelj  indebted  for  their  diBtitictive  char- 
acters and  appearances.    An  accurate  analysis  of  several  of 
these  gems,  particularly  irf  t4ie  Sapphire,  the  Topaz,  the 
Hyacinth,  and.  the  Ruby,  has,  howevei',  proved  thttt  eith^ 
alumina,  or  fircone,  and  tldtsriftea,  is  ih  me«e  idistaiices  the 
predominant  ingrediem.'  Thel'Sdpphire,'aC€ordiru^4aKlap^ 
roth,  consists^ of  cfeyw^60,* oxide ^ iron  1, ItiheO^SO.    .The  ^ 
Topaa  coiTsri^tsr  of  clay  46,'i»ilica''3&;'Iime  8,  irod  6.    The  '^ 
Hyacinth  of  ziroone*70,  siftea  36f  dxide^  otiMii>*i6,  Ibss  4*^50;"^  ' 
The  Rttbyii'  eompoM)  of-elay  40,  sfflica':99,'^ilicf^  e'y'^nd'^ 
iron  lO.t  «•    '    ''  '•'"     i- ■.'-•«'      '.•'••'•  tu-^  -.^jf  .    i   -♦.* 

The  well^iiown^irrteI^<:^a41ed^F%H^'frEarth,1fV<M^ 
naceoua  t^dbt^  had  bei#n  '^upp^sed  to  coiisist  kldio^'  entirely  ' 
of  clay'or  ataiilitia ;  ^t  on^an  accuftite  anetlyti^;  ft  haft '  been 
ascertained 'that '^he'eafth  w&icfr  enters  intky  \ts  domiidsithm^  m 
largest  praportiohr  is  silica.  Aecoi^mg  to  «He  abalysis  of 
Bergmai^  Fuller's  Eavib  <ionsi9ts'*of  nilita*  BV^^  ^^Mmina  S^5, 
lime  3*8,  magnesia  b'T^iron  0*7,  #aCer  k5*5;  H^neK  k  diay 
be  aceoudled  fory  Why  ft  f^kHsihtfO'a  ponder'  Vb^n"  but  into 
water,  and  is  incapaMs^'of  tbrMb^  '^  dud^il^  t>as(e;  On  the 
contrary^  Esseiy,' whidl  has!  very'itruch  the  appearasnce  of 
sand  or  ground  silioa^is  !^  ebe'Most  part  'argillaceous  earth 
or  alumina,  and  tbfe  sibceocis  ^earth  iifr  in  a  very  inconsidera* 
ble  quantity^ j:  •'    '  '-  -  ■' •  -'"*  •' •    '"  .,'•■.•••.' 

The  last  fmtltiyeewhidi  Ishdll-  sfddtiee  is  oM  thftt  9ii  Irfti-' " 
mately  connettiedf  Wilb  our  ^ribjettvaAd  wbicih 'sfliShv^^iici- ' 
sively  bow  heoossary  It  is  ^el^a  jkHferab-beearp^bledr'tiodi^ 
taking  a  ebeaioal^analysifefo  ^  '  *'    .    '  "'"   •  * "  t 

The  porcelain  4paMb  Jof  'Bati^NO^i^  tinas  pt^dun^ed'b^  '' 
Macquer  and  Baume  to  be  a  clat  supertot^irt  qilMftyiio  tb^t "' 
which  was  thlM'  kapWyed  iti'  the  KU&AuAlottify  beldhMn|  to 
the  Freneh  iKing  avS^v^esj  add  'On  "iheb^  tUithdHlykms  was  ' 
generally  ^  b«Ueved)  (ill  Mr '  GkiFb^' l}iS€fi»v^i>^  «bit*  nbt  'a 
prticte  of  clay^iooutli  Wl6iMd  4n  itif  ^Poi-;  '#fi^ri^f bis  dbey- ' 
ist  attempted  to  convert  it  into -alum,  be  found,  to  hia|;reat    • 
surprise,  nothing  but  very^pure  cryBtalaeC  EpsoBivr4iaMy.  Or 
sulphate  bf  no^gMBia.  *  After  fbisj Giobert a^amed'tbts nrine- 
ral  with  great  care,^an^  $duod  it  to  consist  of  mi^gnc^a  6<K^  " 

*  Klaproth's  jffui/yfieaZ  £ttiiy«,  vol.  i.»i^,498. 

t  Bergman*!  EtMOjfSf  vol.  ii  page  iOJl 

t  Emery  from  the  tsle  of  Naxos  is  composed  of  alumina  dO^sU^ca  ^,  «ttd 
iron  4f  undissolvedf  3  parts,  Xcnnant'»  .|na{yni,  PhiL  Tr^mM.  (qi  1802,  page 
401.  .  .       ,. 

4  See  Marray's  Sjfstem  of  Chemistry,  toI.  ii.  page  253. 
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carbonic  acid  12,  silica  15*6,  sulphate  of  lime  1*6,  and  water 
3*.  '     • 

Since  that  period  magncsian  earth  has  been  much  employ* 
ed  in  the  composition  of  porcelain,  it  having  been  ascertained 
that  a  small  portion  of  it  prevents  that  great  degree  of  con- 
traction which  always  takes  place  in  the  fire,  "When  clay  sind 
silica  alone  are,  made  use  of.  The  Cornish  steatites  or  soap 
rock  being  a  mineral  containing  maglicsia,  s6are  of  the  Eng- 
lish potters  npw  employ  it  for  this  purpose- 

I  have  understood,  thai  in  England  the  Sfeatiled  V^s  St^ 
used  by  th^  porcelain  manufacturers  at  Worcester,  and  that 
they  paid  at  the  rajte  of  £20.  per  ton  for  it.  In  4' well-kbiwn 
publication  it  has  been  stated  that  much  of  the  land  is  in 

1>osse8sion  oLtbe  ^reat  Staffordshire  houses,  who  h^Tc  \Ak^ 
eases  of  it  for  the  purpose  of  possessing  tneajselvcs' of  this 
very  valuable  'natui:al  producMon^  '  T  learnt,  however,  in  the 
year  181/6,  from  most  respectable  authority,  that  Btcatites  had 
then  never  Keen  ernployed'by  the  StJiffbrqshlte  potters. 

The  steatites  of  Cornwall  qc^duri^  at  the  'Li^J^d  Point,  in  a 
serpentine  mountain  which  ii  cuts'  thrbri^  in  Stnall  pcrpeihfi- 
cular  veins,  called  rak^-^emL  The  'fluent  sort  Is  white,  with 
blueish  or  redish  spots,  resembling  maftflfe. '  The  best  analy- 
sis of  this  mineral  gives  silica  4%,  magnet  90^50^  tilumina 
14,  oxide  of  iron  1,  water  15;50;  Toss  l;t    .       ;^  » 

.  It  might  perhaps  be  worth  whilfe  (bi^  the  gjass-itekers  ttj  fry 
the  effect  of  a  small  mixture  of  ^uatitis  With  the  materials  of 
which  they  make  their  large  drucibles:  b^catisfe,^if  it 'pre- 
vent that  great  degree  of  shrinldtigto  whi^W  'tti^^alrti  now 
liable,  it  would  be  very  advantbgcous.'         ' '  '    "    - 

I  have  been  informed  by  ah  emiiienft  inake'i^'df'pl&te  glass, 
that  their  crucibles,  which  are  at.  first  32f '  Indies* tfcep,  will 
not  measure  more  than  29  inches  when  they  ha^  ilndei^^one 
the  heat  of  the  oven  and  becom^  rhoroVl^ghly^b^k^U ;  and 

that  this  contraction  has  occasioned  Ver^'gnfiatldssV  especial- 
ly iq  reSpect'to  the  excise  duty. 

These  glass-house  pots  are  very  large  vessels,'  being  made 
to  measure  nearly  .as  inuch  in  diarhetei'  at  the' top,' a^ 'in 
depth,  consequently  the  shrinking  .on  the  whole  is  very  great ; 
and  as  the  officer  of  excise  gauges  them  before  they  are 
burnt,  the  manufacturer  incurs  a  loss  of  djify.upon  as  much 
glass  as  might  be  contained  in  the  depth  of  S* inches,  ahd  this 

*  Nicholson's  Journaly  vol.  xii.  page  277,  from  the  Journal  dt  Physique, 
vol.  li. 
4  Klaproth's  Analytical  Ettayty  vol.  i.  page  464. 
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loss  recurs  every  time  such  crucible  is  cfaarced ;  so  that  a 
manufacturer  who  pays  £5000.  per  annum  in  duty,  must  pay 
£600.  every  year  more  than  was  contemplated  by  the  legis- 
latjire. 

I  am  very^  glad  however  to  have  it  in  my  power  to  inform 
my  readers,  tnat  ^ince  this  was  wiitten  for*  the  first  edition  of 
this  worfe  the  hardship,  there  complained  of  is  entirely  re- 
movedfl  the  gpyernment  having  made  an  d.Heratioh  in  the 
mode  of  collecting  the  duty  on  glass  5  for,  instead  of  gauging 
the  crucibles,  the.  duty  is  now  cnar^ed  on  the  finished  glass 
ijtself  according  to  its.  actual  weight. 

^Taviftg  vei>fured  to  offer  these  observations^  I  shall  con- 
clude wiS  a  (ew  hints  which,  (0  practical,  men  may  perhaps 
be  useful.  ,  !        i    ., 

.  There  is  a  clay  found  in  ^he  territory  of  SFenna,  in  the 
province  of  Tuscany,  called  ybmZmca/,  knd  by  Kirwan,  Ai^ 
gillomurite,  wikich  is  capable,  of .  making  hard  compact  bricks 
that  will  flopt  ip  vrateiT,  either  baj^^d  or  unbaked,  M.  Fabro- 
ni,  who  examined  ,^me  of  th*^^  ^^^^5  ^P  consequence  of 
their  having  been  meritiwied .  fc!^  Pliny,*^says  that  they  may 
be.  of  great  use  in  the  construction  of  reverberatbry  furnaces ; 
for  they  are^  9|uch  bad  pond^ctors,of  heat^  that  although  one 
of  such  bricks  should  be  made  completely  red  hot  from  one 
end  to  its  middle,  any  person,  may  take  it  up  in  his  hand  by 
the  othc^  e^d  with  if»pumty..t.  May  it  not  then  be  worth  whifc 
to  inquiry  wVthcp  a  clay  possessed  of  similar  'properties 
cannot  be  fouiid.in  Gr^at  Britain  ? 

.  Moreover,  cqnsidering  the  improvements  which  have  been 
made  in  the  manufacture  of  pottery,  might  it  not  be  easy  to 
make  ^brick^  to  imi^^te  stone  and  ^  yet  be  as  durable  as  the 
brjck§  jppw.^n  yse  ^   ,  . 

By.qa^ajjis  9^  ^h^.n[^eta}lic  ojxides,  would  it  not  be  ^ssible 
at  a  cbeaprrai^  to,,sta;in  bricks  of  any  colour, ^and  might  not 
3uch  bric^  ^e;.  i^ad^  to  ifnitate  marble  ? 

In  the  Essay  on  Barytes,  vol.  i.  page  31 Y,  I  have  stated, 
that  Mr  Wedgwood  employed  the  sulphate  of  that  earth  in 
the  manufacture  of  jasper  j  but  if  pure  barytes  itself  or 
^trputite^  cojild  be;  procured  without  much  expense^  might  not 
these  also  be  used  with  advantage  in  some  of  the  branches 
of  pottery  ?  ^  method  of  employing  sulphate  of  barytes  in 
pottery  i^ii^de'^di^llude^  to  by  Sage,  in  one  of  the  volumes 
of  the  Journal  de  Physique.  "  The  Chinese,"  says  he,  "  know 

*  See  Pliny's  Jfatural  Hutory^  lib.  xxxv.  chap.  14. 
t  See  PhilowpMcal  Magatinej  vol.  ii.  page  180. 
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the  remarkable  property  which  gom  adracanth  has  of  giving 
a  coherence  to  minute  ston^  ^mtances,  which  are  then  un- 
alterable by  fire ;  and  that  if  this  £um  be  mixed  with  pounded 
sulphate  of  bar^tes,  it  may  be  formed  into  masses  which 
neither  alter  their  shape  nor  solidity  from  exposare  to  an  in- 
tense fire.*  I  have  not  heard  that  any  English  potter  bat 
yet  availed  himself  of  this  suggestion* 

The  sulphates  of  barytes  and  strontites  may  be  had  cheap 
and  in  abundance;  and  all  that  would  be  necessary  is  to  roatt 
them  in  a  reverberatory  furnace  with  some  combustible  mat* 
ter,  to  convert  them  into  sulphurets^  and  then  the  renaiaing 
sulphur,  should  it  prove  injurious,  could  be  separated  bj  a 
sttl»equent  process-t  In  this  way  am  ingenious  manofacturer 
might  probably  gain  unexpected  profits  and  improvemenlt 
firom  one  or  both  of  these  earths* 

In  concluding  this  Essay,  1  trust  I  shall  stand  excuted, 
if  I  endeavour  to  confirm  an  opinion  already  giveOf  that  a 
potter  should  never  employ  a  new  porcelain-clay  without 
previous  analysis ;  for  there  are  few  of  these  cbys  that  caa 
be  employed  with  the  certainty  of  a  good  result,  unless  sooie 
fusible  material  be  used  with  them ;  and  .the  quantity  of  tUt 
can  only  be  known  by  a  chemical  examinatioii  of  the  clay  in 
question*  1'he  necessity  of  analysis  will  appear  from  the 
comparison  of  the  chemical  nature  of  three  of  these  native 
productions*  The  porcelain  earth  of  Limogea^  and  wbicb  is 
often  used  without  any  admixture,  is,  according  to  Hassen- 
fratz,  composed  of  62  parts  silica,  19  akimintf,  19  macnesia, 
and  7  sulphate  of  barytes ;  whereas  the  porcelain^iay  of 
Cornwall  is  a  compound  of  20  per  cent*  of  silica  and  60  per 
cent,  of  alumina ;  while  that  found  in  the  department  of  the 
Loire  in  France,  of  a  beautifully  white  colour,  coosists  en* 
tirelv  of  carbonate  of  magnesia  and  silica* 

The  business  of  a  potter  affords  so  large  a  field  for  the 
exercise  of  taste  and  genius,  and  the  art  itself  is  so  intimately 
oonnrcted  with  chemical  knowledge  and  experience,  that  it 
would  be  super flous  to  urge,  by  further  argumenta,  the  abso- 
lute necessity  of  cultivating  the  science  of  chemistry,  in  order 
fx>  arrive  at  perfection  in  any  branch  of  the  manufoctore* 


*  See  the  Retromect  of  Philomphieal  Ducoveriett  yoI.  i.  p.  90. 
t  An  aoconnt  ot  a  proeeat  by  which  tbu  might  bt  efhetod  wamy  be  taan  hi 
Snay  V.  vol.  i.  page  361. 
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,.Awrm  U^^^The  Oeoii^al'  Ddugi^  as  interpretea  by  Baron 
.      Ciwer  an/idFrofigiOf  B^kviid^  tnoonsisttnt  wiih.the  Testimony 
cf  M»i»*^ni  Ike  PhkimteM  ^>J^afSArt.'  By  the  Rev.  John 
i '  '  FiMkw^  IX  D.f  R  Rd'  jS.  E.-^£tf{n^  Phil.  Jour.] 

[Coip£li]de4  from  jffhg'Q  485.]    , 

;  UJi^Ifomidim^  4if*Of^iftt'^Btd^.-*T''Vhc  tnsticrials  of  which 
rtlieBe^te4?'CMs^  lr^f^^',l0  g^^i^i)  t<>  be  i^mmded  blocks  of 
)MK:lM('0dtl<b6#tfl/'jM)3ted'(f6g^h>e>vV)K.  preset  but  indistinct 
^MMidisior  0e^atifioMitoi  -'Tbe'bldtiki^ate'S^Idotti'lfiktgoiar,  and 

.€d  toa:«n  dil«K8tot«g^^' f ot<k;  ks  \he^ef'til|fli^e^  are  sup- 
fyioiedvtiH(|i«ieHMteii^^eAted  fi^tiK'^tii^  r6d^  mm  tke-  geolo- 
gical deluge  tore  from  theirfii*  Hldring  ]he^'e'*^a'^tioii  of  the 
^attejc%  \9fB''m%tki^ip^ci  lo^&^-^^tttetft'^bifbltlng  aamerous 
.iiMtanpn^l  ^k»t«lblyi^6rki4ramul^d' M!^fde'e,''and'.the  edges 
widooriiaks^siitli  Tft^lirly^Httr^.  vgut^h^n'tii^^  fkrd  the  reverse 
of  aUthfsrgbiiMairki^  to  Wkbl^'cdl^V'^'e'  {pustidc&w"the  conclu- 
;8m,  nthirti4H^ftMijPo(^^  the  contents 

,ot  thBseiiedirf^vfa6(Uitefl?^«^^ri^d  huAthe  lodsie  aAd  weather- 
.«d/li^k$  toaltf^«Cil<tei^J' '^Phif^^li  oi  foict  of  soim  tiihie,  es- 
.fiocial^t  wifoq^^i^^^^  ^^ibontidirioli^i'wich  otber  characters 
jeiiwbiteiibyi^hagriivdh  '^'^  '^^  »^'  '••'"-^  •  ''' .  ' -* 
.<  i{Efabcfaq^:oC9l9a)ai^iss&dlE[l«d  Mf'fth^t.ieigra^I,  aet!6rding  to 
PiB£skioDtBa<d»hn«}f>'^pofe&e66Mitto  ch«irftctet*<by  which  it  is 
eatfT^'jLofflt^efe^AiHtl^  ^iii!€<6'ih)[&  Wtaieh  ith^'^eh  derived, 


wih  ik^naHiire'rcfiH^hiiUco^hsing  the  ac^c^ 
}egiiiidihakt»i^\U^(Iielj^BU.'*'f9\\}  On  the  $uppositipti  that  this 
i6litti>iiBS^dfeiiii|60  fe^hi<tb«iflti^r?i|)4r(lbnli'0f  tbe]^t)il  and  detri- 
tu6<iieB09ed''b2pIfibe  ittft«^^i^ibe  deluge,  we  Might  expect  that 
it  would  possess  4bniiitiing  ^Hke^^'CCPnooion  character,  not  in 
Bngbbdloikly^  hvt^oyer  t)i«  gibbei  But  wden  w«  see  it  vary 
win'tii6i{iMituiielo#^th6ine4ghbi(MirJng  l^iRs,'  sttid^cefAg^uently 
wiib'thamliaqd  ddtri(us^;(iMcfb'tbey  phM)iic^^  w«  are' irresist- 
ibly led'  ^.linfii^  ihc:  opttfiii^n^  'no«  &I  a  univek^I^  "but  of  a 
iftxiil,  agent* -:* '  li  *  k«  •)••;,-«    i*   :  .'     ■   •■ 

^oconiiftg;lo  Pfibfeiaar.Bvck^l^nd,  the-^^^diiovi^I  gravel  is 
almost  jaLlways.of  a  conapound  jcbaracter^  rAntaining  amnngat 
the  detritus  ^^  each  ijftme.dialeMeigfAourlwQd^  whiQhMBug^lyJbvms 
Us  gK^(itp^inJk¥iX<!»^U^  frAgueiUft;  of  rooks,  .whose  ^native  bed 
occurs  only  at  great  distances,  and  which  imisf  hf(v^  Jbeen 
drifted  thence  at  the  time  of  the  formation  of  the  gravel,  in 
which  they  are  at  present  lodged." — {lb.)    The  rolled  char- 
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acter  of  the  gravel  is  falal  to  the  supposition  of  a  sudden  and 
transient  inundation,  atltng  upon  fresh  portions  of  dislocated 
strata.  The  circumstance  of  some  of  the  blocks  having  tra- 
velled from  a  distance,  is  equally  satisfactorily  explained,  on 
the  supposition  of  a  partial  flood,  occasioned  by  the  bursting 
of  an  alpine  lake,  as  by  a  sudden  and  universal  flood.  We 
C9n  scarcely,  however,  avoid  asking  the  question,  Would  not 
a  general  flood,  raging  violently,  have  produced  gravel^^of  so 
confused  and  mixed  a  character,  as  to  render  it  difiicult  to 
trace  the  origin  of  its  materials?  This  iocai character,  though 
apparently  hostile  to  the  diluvian  hypothesis,  is  of  importance 
to  society  in  an  economical  point  of  view.  Norway  has  suf- 
fered much  from  this  transient  flood,  for,  according  to  Pro- 
•  fessor  Buckland,  pebbles  of  her  rocks  have  been  carried  to 
England.  But  our  country  has  been  more  highly  favored. 
Had  it  been  otherwise,  instead  of  gold  reposing  at  the  base  of 
the  Leadhills,  or  stream  tin  in  Cornwall,  they,  had  been  rest- 
ing far  from  their  birth-f)lace ;  probably,  if  the  deluge  was 
from  the  north,  in  the  bottom  of  the  Bay  of  Biscay. 

There  is  one  character  exhibited  by  the  boulders  in  the 
gravel,  of  a  truly  interesting  kind,  in  a  theoretical  point  of 
view, — rthe  intervention  of  valleys  between  the  rocks  from 
whence  they  came  and  the  station  they  now  occupy.  It  seems 
to  be  admitted  on  all  handh,  that  these  valleys  did  not  exist 
at  the  period  of  the  transportation  of  the  gravel.  Mr  Green- 
ough  declares,  that  "  the  blocks  of  granite  on  the  Jura  attest 
the  non-existence  of  tl.e  Lake  of  Geneva  at  the  time  of  their 
transportation," — {GeoL  177.);  and,  according  to  Professor 
Buckland,  "  the  quarlzose  pebl)lcs  found  on  the  tops  of  the 
hills  round  Oxford  and  Heoly,  were  drifted  thither  from  the 
central  parts  of  England,  before  ihe  excavation  of  the  present 
valley  of  the  Thames." — {Rei  DiL  248.)  If,  then,  we  con- 
sider the  gravel  as  diluvian,  the  valleys  must  be  regarded  as 
postdiluvian  ;  or,  if  we  consider  the  valleys  as  having  been 
formed  at  the  deluge,  tlwn  the  beds  of  gravel  must  be  regard- 
ed as  antediluvian.  Professor  Buckland  has  endeavored  to 
avoid  the  admission  of  these  conclusions.  "  It  seems  probable 
that  the^rs^  rush  of  these  waters  drifted  in  the  pebbles  within 
the  great  escarpment  of  the  oolite,  and  strewed  them  over  the 
then  nearly  continuotis  plains;  and  that  the  valleys  were  sub- 
sequently  scooped  and  furrowed  out  by  the  retiring  action  of 
these  same  waters." — {ReL  DiL  253.)  Is  it  conceivable  that 
this  sudden,  transient  and  impetuous  deluge,  should  have 
transported,  in  its  first  rush,  various  kinds  of  boulders,  ten. 
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twenty,  or  hundreds  of  miles,  strewed  them  over  nearly  con- 
tinuous plains,  and  then  proceeded  to  scoop  and  furrow  out 
numerous,  deep  and  extensive  valleys  in  these  plains,  whilst 
it  permitted  the  deposits  of  its  firet  rush  to  retain  undisturbed 
possession  of  the  station  to  which  they  were  first  brought? 
Could  I  bring  my  mind  to  assent  to  such  statements,  I  should 
claim  to  rank  with  Judaeus  Apella.-    But  the  difficulty  does 
not  end  here*     In  these  valleys,  supposed  to  have  been  exca- 
vated by  the  retiring  waters,  extensive  depositions  of  gravel 
occur.    (Rel*  DiU  p.  261—2.)    This  last  circumstance,  which 
is  far  from  uncommon,  marks  a  third  epoch  in  the  history  of 
valleys  and  gravel.     In  the  first  period,  the  gravel  was  trans* 
ported  across  continuous  plains.     In  the  second,  valleys  were 
scooped  out.     In  the  third,  the  bottom  of  these  valleys  re- 
ceived deposits  of  gravels.     These  facts  intimate  succesj^ive 
operations,  executed  under  different  circumstances,  and  seem 
fitted  for  leading  to  the  inference,  that  some  time  intervened 
between  the  several  changes.    They  certainly  do  not  support 
the  conclusion,  that  the  three  phenomena  had  their  origin  in 
the  same  sudden  and  transient  inundation.     Under  all  the 
circumstances  of  the  case,  the  young  geologist  will  feel  him- 
self without  a  guide,  and  without  a  test,  in  determining  the 
%ra  of  the  formation  of  a  bed  of  gravel.     1.  It  may  be  ante- 
diluvian, produced  by  the  bursting  of  a  lake  (for  lakes  must 
have  been  numerous,  indeed,  and  extensive,  before  the  exca- 
vation of  so  many  gorges  and  valleys  by  diluvial  action), 
spreading  its  wreck  on  nearly  continuous  [)lains.     2.  It  may 
be  the  result  of  the  first  rush  of  the  diluvial  waters,  previous 
to  the  formation  of  the  valleys  of  denudation.     3.  It  may  be 
the  wreck  of  those  valleys,  produced  during  the  tumult  of  the 
retiring  waters.    4.  It  may  be  the  result  of  the  very  last  effort 
of  the  flood,  to  fill  up  the  frightful  excavations  it  had  produc- 
ed in  the  fury  of  its  retreat.     5.  It  may  be  postdiluvian,  and 
the  result  of  the  bursting  of  an  alpine  lake :  and  this  gravel 
may  have  been  deposited  at  very  distant  intervals.    On  the 
banks  of  Glenmornaalbin,  diluvium  may  occur,  referrible  to 
four  different  burstings  of  the  Lochabor  lakes,  and  all  of  them 
prior  to  human  record.     The  diluvium  of  Martigny,  from  the 
bursting  of  a  lake,  was  formed  in  1818.     When  all  these  pro- 
babilities are  taken  into  consideration,  few,  who  generalize 
with  ordinary  caution,  will  feel  inclined  to  refer  to  one  sera 
the  formation  of  all  our  irregular  beds  of  clay  and  gravel. 

Independent  of  the  depositions  of  confused  portions  of  grav- 
el and  loam,  there  are  likewise  extensive  depositions  of  sand. 
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and  gravel,  and  clay,  of'tl\e  Fame  materials  as  the  scHcalled' 
diluvium ;  but  which,  by  being  divided  'into  beds  and  strata, 
indicate  a  subsidence  from  water  in  a  state  of  comparative 
stilhess.  The  characters  of  these  beds  seem  to  hav^  been 
in  a  great  measure  overlooked  by  the  advocates  of  -the  dilu- 
vian  hypothesis*  It  is  not  probable  that  such  beds  could 
have  been  produced  by  a  sudden  and  transient  flood,  which, 
in  its  first  rush,  transported  ''Norwegian  pebbles"  to  the 
plains  of  England ;  and,  by  the  impetuosity  of  its  retiring  wa- 
ters, scooped  out  (he  Solway  Frith,  the  English  Channel^  and 
the  Lake  of  Geneva.  On  the  other  hand,  a  lake  at  a  high 
level,  bursting  its  barrier,  and  carrying  the  wreck  into  a  lake 
at  a  lower  level,  would  giv.e  origin  to  stratified  gravel,  sand, 
and  clay,  such,  for  example,  as  may  he  seen  in  the  neigh- 
bourhood of  Edinburgh,  and  on  the  south  bank  of  the  estuary 
of  the  Tay ;  and  which  lower  1-  kes  have  in  their  turn  been 
drained. 

The  last  character  which  I  s"  ^11  notice  belonging  fo  those 
beds  of  loam  and  gravel  supposed  to  have  been  formed  by  the 
deluj5^e,  is  the  presence,  exclusively,  of  the  remains  of  land 
animah.  This  fact  is  supported  by  the  testimony  of  Professor 
BucKland,  in  his  ^'  Inaugural  Lecture,"  and  ''  Keliquise  Dilu- 
vianae;"  by  Mr  Greenough  in  his  "Geology;"  and  by  Mr 
Conybeare  in  the  "  Geology  of  England  and  Wales."  This 
character  yields  a  demonstration,  that  the  water,  which  in  its 
fury  produced  or  transported  this  gravel,  passed  over  a  por- 
tion of  the  Earth^s  surface,  on  which  dwelt  land  animals,  and 
that  a  flood  from  the  sea  had  not  been  concerned  in  the  phe- 
nomena in  question.  To  the  matter  confusedly  brought  to- 
gether by  this  flood  or  floods  of  fresh  water^  I  have,  in  my 
se-cond  paper  on  the  "  Modern  Strata,"  given  the  name  of 
Laciutrine  Dlhivium.  Had  a  sudden,  universal,  and  transient 
deluge  been  the  agent  concerned  in  its  formation,  then  should 
we  have  looked  for  the  remains  of  the  animah  of  the  sea^ 
mingled  in  sad  disorder  with  those  of  the  land  and  the  lakes;, 
or  rather  fishes,  shells,  and  zoophytes,  where  we  now  find  the 
wreck  of  land  animals*.     Even  the  peculiarities  of  the  re- 

*  In  my  first  paper  I  had  onrnnerated^ie  cha^Rcters  of  lacustrine  diluvium, 
indicating,  that  a  universal  flood  had  no  share  in  its  formation.  Four  of  these 
characters  are  admitied,  directly  or  indirectly,  In  the**- Reply."  But  the 
fifth  (^*  the  absence  of  marine  exuviae")  h  brought  forward  ftniinst  me  as  aa 
example  of  *^  miulated  facU : ''  and  it  is  added,  that  if  I  bad  ever  seen  or 
heardf  of  three  ei&amplcs,  which  are  quoted,  of  the  presence  of  marine  re- 
mains, I  never  would  have  advanced  such  an  argament.  One  of  these  ex* 
amples  is  unfortunate,  as  the  learoed  Professor  seems  to  coofoaud  three 
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mains  of  the  land  animals  stand  opposed  to  the  geological 
deluge  as  it  has  been  inteiTireted ;  for  these  belonged  to  indi* 
viduals,  which,  according  to  Professor  Buckland,  ^^  lived  and 

died  in  the  regions  where  their  remains  are  now  found,  and 

-  ■  I .  •     I .  —  ■■  I,.  ■  ^ .  i_     . ■  ,. »„ 

different  formations^ — the  crag,  or  tipper  marint  fermtUion;  distingnisbed 
from  those  of  the  modem  epochf  by  the  species  of  shcllsi  but  especially  the 
zoophytes,  which  it  contains  : — ihe  Lacustrine  Dilntiumy  containing  tb^  re- 
maiffs  of  land  animals  - — and  Marine  Diluvium^  containing  the  relics  of  exist- 
ing marine  shells  of  the  neighbouring  sea.  In  ray  secona  paper,  1  intimated 
my  acquaintance  with  his  two  first  examples,  and  I  added  six  others,  with 
which  be  might  have  been  acquainted.  Yet  my  opinion  remains  unchanged; 
and  I  misstate  no  facts,  while  1  preserve  a  distinction  in  geology  (which  mj 
opponent  wiil  soon  find  it  necessary  to  adopt)  between  Lacustrine  and  Ma- 
rine diluvium.  In  the  appendix  to  his  paper  he  recurs  to  the  same  subject, 
and  considers,  that  the' facts  T  advance  m  my  second^  Are  in  *<  direct  contra- 
diction" to  the  opinions  advanced  in  the  first.  Here  he  labors  under  tgno- 
ralio  elefichi,  which  a  reperusal  of  my  two  papers  would  leadily  remove. 
If  I  allovr  him  to  use  my  terms  with  his  different  si^ijicalion,  T  have  too  much 
respect  for  bis  logical  powers  to  anticipate  a  failure  in  his  object.  But  if 
the  terms  I  use  be  taken  in  the  sense  in  which  I  have  defined  them,  the 
charge  of  *'  contradiction  '*  will  be  found  without  proof. 

Professor  Buckland,  rising,  as  it  were,  in  his  demands,  having  fancied  that 
I  had  contradicted  myself,  announces  the  cause  of  my  misfortune  and  the 
extent  of  my  guilt. — **  Ab/  being  awart  of  facts  which  so  materially  affect 
his  argument,  at  the  time  of  his  writing  the  paper  fn  question  ;  at  any  rate, 
it  would  have  been  more  candid  to  acknowledge  his  error,  than  to  leave  to  me 
the  task  of  pointing  it  out,  and  applying  it  to  my  advantage  in  the  matter  at 
issue  between  us. '  Is  it  fr^bable  that  I  could  have  been  ignorant  of  eighl 
facts  at  the  time  of  writing  my  first  paper,  which  I  give  in  detail  in  the  con- 
tinuation^  or  second  paper ;  or  that  1  would  record  these  eight  facts  in  the 
second  paper,  which  contradicted  my  statements  in  the  first,  without  offering 
any  explanation  ?  Low,  indeed,  must  be  my  rank  in  the  intellectual  scale, 
in  th6  opinion  of  my  opponent,  if  be  be  disposed  to  reply  in  the  affirmntive. 
But  I  can  produce  evidence  that  it  was  not  possible  1  could  be  ignorant  of 
wome  of  the  facts  at  least,  stated  in  my  second  at  the  time  I  wrote  the  first 
paper,  nor  for  eighteeo  years  previous.  The  first  of  the  eight  examples  of 
marine  diluvium  in  Scotland  which  I  quote,  is  from  a  published  paper  of  my 
o«^n,  and  to  which  there  is  a  particular  reference,  on  a  bed  of  sea-:<heil$,  on 
the  south  banks  of  the  estoaiV  of  the  Forth.  This  bed,  as  is  Uaied  in  my 
second  paper,  I  examined  in  1806,  read  an  account  of  it  to  the  Wernerian 
Society  in  1811,  and  published  this  account  in  the  Annals  of  Philosophy  for 
August  1814.  I  may  even  go  farther,  and  say,  that  it  is  not  probable  that 
Professor  Bucliland  was  ignorant  of  this  demonstration  of  my  previous  ac- 
quaintance with  these  reputed  cioutradictory  &cts.  He  quotes  Captain  Las» 
key'r  paper  on  the  marine  shells  of  die  Paisley  Canal,  from  the  Annals  of 
Philosophy  for  February  1814,  and  my  papor,  referred  to,  appeared  in  the 
same  work,  in  the  number  for  Au£^st  of  the  same  year.  The  Wernerian 
Meiiioiiis,  which  be  also  quotes,  contain  a  similar  reference.  But  the  most 
convincing  proof  of  all  (on  the  supposition  that  he  read  the  paper  he  attemnt- 
ed  to  criticise)  is  the  fact  of  this  example  of  marine  diluvium  being  the  first 
of  the  facts  I  adduce  in  tHustration  of  the  history  of  the  formation.  By  quot- 
ing in  the  "Re^ly"  only  the  faff  of  my  eight  examples,  the  reader  may  be" 
'  misled  into  the  belief  that  the  reproach  is  merited.  Whereas,  had  the^r«/  of 
them  been  quoted,  as  justice  required,  it  would  have  carried  on  its  front  the 
refutatioo  ot  the  charge  of  ignorance 'and  want  of  candor,,  it  has  been  some- 
what hastily  brought  forward  to  support. 
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were  not  drifted  thither  by  the  diTuvian  waters  from  other 
latitudes.  {RtL  DiL  44.)  It  is  impossible  for  me  to  form*  a 
Conception  of  a  sudden,  violent,  transient,  and  universal  flood, 
which  transported  Norwegian  pebblesto  England,  yet  did  not 
bring  along  with  these  a  lew  carcases  of  the  truly  arctic  ani- 
mals, such  as  the  white  bear ;  neither  floated  off*  to  Africa  the 
land  animals  which  were  browsing  on  the  continuous  ante- 
diluvian phuns  of  England.  To  me  it  is  equally  inconceiva- 
ble, that  the  inhabitants  of  southern  and  tropical  countries, 
were  not  drifted  northwards,  and  a  few  of  them  left  in  Eng« 
land  by  the  agency  of  the  retiring  waters.  Yet  our  diluvium 
contains  not  the  productions  of  the  polar  or  equatorial  regions, 
but  exclusively  the  remains  of  the  early  inhabitants  of  the 
British  soil.  This  character  furnishes  another  demonstration, 
that  the  agent  or  agents  concerned  in  producing  the  diluvium, 
must  be  regarded  as  having  possessed  only  a  limited  or  local 
authoritj'.  We  must  be  careful  here,  not  to  confound  with 
^^  Lacustrine  Diluvium,"  deposits  on  which  I  have  bestowed 
the  title  of  "  Marine  Diluvium.'*  Portions  of  this  diluvium 
have  been  formed  within  the  period  of  authentic  history; 
other  portions  are  of  earlier  origin.  The  bones  of  land  ani- 
mals may  occasionally  be  expected  to  occur  in  this  formation, 
as  the  inundations  of  the  sea,  by  which  it  has  been  produced, 
might  have  mixed  with  the  spoils  of  the  deep  the  relics  of  the 
dead  or  living  terrestrial  inhabitants  which  it  met  with  in  its 
progress* 

3.  Mud  in  Caves* — In  the  celebrated  cave  at  Kirkdale, 
there  is  a  layer  of  mud  in  the  bottom,  inclosing  the  fossil 
bones,  and  over  this  bed  there  is  a  covering  of  calcareous  sta- 
lagmite. Professor  Buckland  considers  tne  bones  to  have 
been  carried  in  by  hyaenas  as  their  food,  when  they  dwelt  in 
this  den  anterior  to  the  deluge ;  that  the  mud  was  introduced 
by  the  waters  of  the  deluge ;  and  that  the  stalagmite  is  de- 
cidedly postdiluvian.  (^RtL  DiL  48.)  Another  explanation 
is  oflered  by  I  he  same  author,  of  the  mud  and  bones  which 
occur,  nearly  filling  several  caves  in  limestone  rocks  at  Ply- 
mouth. Instead  of  having  recourse  to  hysnas  as  carriers  of 
the  bones,  he  says,  ^^  that  the  animals  had  fallen  daring  the 
antediluvian  period  into  the  open  fissures,  and  there  perishing, 
had  remained  undisturbed  m  the  spot  on  which  they  died, 
till  drifted  forwards  by  the  diluvian  waters  to  their  present 
place,  in  the  lowest  vaultings  with  which  these  fissures  had 
communication."     ReL  DiL  78, 

The  safest  way  of  proceeding,  in  such  circumstances,  is  to 
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endeavour  to  discover  some  analogous  phenomena,  the  history 
of  which  is  not  involved  in  obscurity,  and  apply  the  explana- 
tion which  offers  itself  in  the  last  cases  to  the  illustration  of 
those  which  are  more  ancient  and  obscure*  Fortunately  such 
cases  are  accessible.  In  Wokey  Hole,  in  the  Mendip  Hills, 
a  cave  occurs  with  lateral  chambers;  mud  likewise  occurs; 
and  in  this  mud  are  found  human  bones,  and  a  piece  of  a  se* 
pulchral  urn*  These  6(me«'are  said  to  be  *'  very  old,  but  not 
antediluvian*^  Where  is  the  proof?  or  how  arc  we  to  distin- 
guish between  antediluvian  and  postdiluvian  bones?  The 
mud,  too,  is  '^  evidently  fluviatile,  and  not  diluvian/'  How 
are  we  to  distinguish  between  fluviatile  and  diluvian  mudf 
Jfot  by  their  contents,  for  bones  are  present  in  both.  Not  by 
a  difference  in  juxtaposition,  for  both  occur  in  caves  with  the 
floor  as  their  bed,  and  stalagmite  as  a  covering.  The  evidence, 
however,  of  the  mud  being  fluviatile,  may  be  considered  as 
complete,  as  the  spot  on  which  it  rests  is  within  reach  of  the 
highest  floods  of  the  adjacent  river.  It  may  thus  be  assumed 
as  a  fact,  that  local  inundations  or  floods  are  capable  of  con- 
Teying  mud  into  caverns,  and  depositing  it  on  their  floors, 
under  circumstances  perfectly  analogous  to  the  so-dalled  ^  di- 
luvian mud,^'  and  of  surrounding  ^^  |x>!itdiluvidn  bones  ^'  as  the 
diluvian  mud  is  supposed  to  have  surrounded  ^^antediluvian 
bones."  In  another  cave  in  the  same  neighbourhood,  nume- 
rous bones  and  skulls  of  foxes  were  found.  It  is  lilu^wise 
stated  by  Professor  Buckland,  that,  at  a  little  distance  from 
the  Cliff  of  Paveland,  ^'is  an  open  cavern,  to  which  it  is  pos- 
sible to  descend  only  by  a  ladder,  and  which,  like  the  open 
fissure  at  Duncombe  Park,  contains  at  its  bottom,  and  in  the 
course  of  its  descent,  the  uncovered  skeletons  of  sheep,  dogs, 
foxrs  and  other  modern  animals,  that  occasionally  fall  into  it 
and  perish."  In  reference  to  these  natural  pitfaiis  and  accu- 
mulations of  bones,  the  learned  professor  offers  the  following 
sensible  observations:  ^^  Animals  at  this  day  do  fall  continu- 
ally into  the  few  fissures  that  are  still  open ;  and  carnivorous, 
as  well  as  graminivorous  animals,  lie  m  nearly  entire  skele- 
tons in  the  open  fissure  at  Duncombe  Park,  each  in  the  spot 
on  which  it  actually  perished,  upon  the  different  ledges  and 
landing  places  that  occur  in  the  course  of  its  descent;'  and 
from  which,  if  a  second  deluge  were  admitted  to  this  fissure, 
it  could  only  drift  them  downwards,  and  with  them  the  loose 
angular  fragments,  amidst  which  they  now  lie,  to  the  lowest 
chambers  in  which  the  bottom  of  this  fissure  terminates." 
(/6.  78.)    The  bones  in  caves  may  have  been  drifted  in  from 
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open  fisftttres  at  a  high'J«ve}i)^;iWftC(^<\Vlie(h«ri«7t])e«filiarac- 
tcr  of  a  local  or  edtifnudcdimw^aWnii  and  tbe  nwdm^y  be 
referred  to  a  siAjiior  oHginni j  fiiav%)AU'ti^iB,aber6f skeins  no 
ground  to  iaitvib^  exclusivcnti^noyr^f^f^ne  audd^o.and  tran- 
sient deluge^  when' causes!  slill  ehbt^^bo.ugh/OCffiMH'e^bwiUe 
kind,  adlQqiiote'.to  f>irodtiCQ^lheipbwonleit$i.  -  » >.  !<{  '*>  it>:M.' 
TbecaY«  ofi  Ktrlcdale>dpti^iinol)  fMresbnt/^nji^ppOdtiliic^ 

warrabtiiu;.  afll etptaiiatiort'^MbreniivocorKihoibi^M 
to  aoknowlfidged^postdiLuiiriattifislili^ar  iilnA«bv^&nlrJih^<roiind>' 
ed  caviiics  iti  tiaue  bottom  ofrXbla^i^BV^ay^stCibbliiig^^dMrdriQg'to 
Mr  Young,  >^rauf:b'wbtfif^\v6rQ^vb4dlowB«aai\i^  ^mb  niiroak^r  ^n 
the  beds'ofcivcirslyionioA  th^  bbOR€alofftbe<ode^BJ";>piioi^l|!Bt, 

at  a  fk^i*tdd(flnt'f0odentitO'iifa^.iRtiiro6tielian)ofMlbe4i0QfllM  ^b^ 
was  a  fia6oremntiheiiiai(aten^>traver6tfd'«bjfibf«ublftBal»eoitt 
river*'  'fFhiaifciFemkurcd  nH^e  tluin<«(irob8!blb|>b}rflhe?ttiiiP4^ 
rou8<itbbrA59iirbs>«xiKfj)iig  itT)tbe^^3fa9)il^ftiittd<D«ei0^fvhidi4 
in  tho.iioni«diai^  naigbbo0rbi^dj^-irlh6'iRiraJ  jBechiebtimj  and 
Jor  a  CQi!tainF/s|)acf  jboqwiMk  a^^dubtarrbd^  sitcCi^i^We  have 
here,  ihenrfone^  alniaji^nt  t>8pabit9 oif ibriaging  iAa tbelmtidr>q;nd 
bonos  frooiT  bigbeit  iuEUfds,  ifi/Bnob  plnltkd^ttnd^jde|k}sifing 
both  m  t  htiiT)  pms^sfilt  -akodtbrn )  tTiheiexjettodiB  i  of  ^t  b  tfi^iiiiiQi 
cannot 'be  doubli9d^(fimc;eni'bof!^b«>r>*'BdmUa!lEMl^li^^  ithe 

concfiftskmj  '^'rlTiitriiaKtitihiciauijjrffntiBtifined^ 
of  the.fiicat  IBeok)'iand^UmnA<[ljacfE«ltii4^dv8,la9libfj'^^ 
the  limestone^  shoi^lngittloaboimdi'WtlktnadEkjP'iiqpiMJba 
to  those  at  jKitdodnlev.T^isdpiTSvlli  likieli7  »tbcltn(riibei!)dep9^-iQlf 
bones  may  bci-eartcrz/bdidiBaMterad  ibill»  a»ne'!#s^hbbutv 
bond/'    But  are  /tbeire<i»iopeii}fbsbrfisrtp.tk(ia«^]bed)Dfnlia»ef 
s^tone  still  exi&ttng4>ai^  ndtujiral-{)illii|jSefovlHHNlf#n«nJaabl6,'{anii 
furnishing  intimations  of  the  former  state  of  the  diatnkil'  ^^b 
Doncombe  Park,  in'  tfaife  vthinddiate  sei^^ibtMirhniDct^r&fid'iilflbe 
same  limestone  rock,  thorcsiRat  f)ires6ntrQa'Tkne|^^  lO?^^ 

• ■ ■■'■rUMJ    'T'<M'M!l     'jlh     to    *M'>ij'H'i'j    1   <i't*i 

«  The  proof  which  is  brought  f(|i?W9f*  ^Y,  Pi^?*ftrtjBiM]yfl^d;j^i^UIJ|» 
Ktrkdale  (rave  whs  not  formed  or  modified  by  the  ageniiy  of  waten  is  ^inmr 
larly  defective.  The  sides  «*  are  constantty  roujfi}*  wirityyIievHr  ilttdoa? 
The  limestone  in  which  fossil  shells  arto  imbedded  ^tttetigts-^OMrckp'nily*  IfaM 
the  relics  it  encloses,  when  exposed  la  the  v^athqr ,  c^  \to  dWHT^i~J*  thf^ 
surfnce  of  every  secondary  limestone  testifies.  (^Take  the  coliypns  ^t  St 
raiiPs  as  an  example.)  Nor  is  the  proof,  that  the  oofidft  In^tfie  saWi'cfl^ 
could  not  be  introduced  by  running  water,  more  saUsib(noi<y!;^<*fi>tfaBiMrtifi 
is  impossible  that  now,  or  at  any  past  period  of  lime,  ^pyvmiM^ay^l  f nf^ 
have  flowed  there."  A  river  flows,  at  this  moment,  not  a^nuBdredieet  dis- 
tant, and  its  channel  is  only  36  feet  lower  than  the  cave!  Tom^ftW^m&V 
other  rivers  in  the  neighbourhood,  which^flow  over  the  sarnie  belhVJlf  Itm^ 
stone,  in  which  tiie  cave  is  situate,  and  this  rock  is  full  of  fissutes*  .TtMi 
reader,  from  these  facts,  will  be  able  to  estimate  the  value  of  a  gcohgieai 
impossibiliy. 
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or  fissure  twenty  feet  long,  and  three  or  four  feet  broad,  whieh 
»  almost  concealed  and  overgrown  with  bushes,  and^  which 
being  nearly  at  right  angles  to  the  edge  of  the  cliff,  lies  like 
a  pitfall  across  the  path  of  animals  that  pass  that  way.  It 
descends  obliquely  downwards,  and  presents  several  ledges 
or  landing  places,  and  irregular  lateral  chambers,  the  floors 
of  which  are  strewed  over  with  angular  fragments  of  lime- 
stone, fallen  from  the  sides  and  roof,  and  with  dislocated  skel* 
etons  of  animals  that  have,  from  time  to  time,  fallen  in  from 
above  and  perished.''  {Rel.  DiL  55,)  The  fissure  was  found 
to  ^  contain  the  skeletons  of  dogs,  sheep,  deer,  ^oats  and  hogs.'* 
^  The  bones  lay  loose  and  naked."  A  local  inundation  flow- 
ing into  the  fissure  would  transport  the  bones  to  the  lowest 
'  chambers,  and  leave  them  in  the  same  circumstances  as  the 
so-called  antediluvian  bones.  The  evidence  thtis  appears  to 
be  in  favour  of  that  opinion,  which  supposes  that  the  bones  in 
the  Kirkdale  cave  were  brought  to  their  present  situation 
from  caverns  at  a  high  level,  by  the  agency  of  water,  which 
deposited  at  the  same  time  the  mud  in  which  they  are  imbed- 
ded. I  say  imbedded,  because  the  mud  does  not  appear 
simply  to  have  filled  up  the  interstices  or  layers  of  bones,  but 
to  have  suspended  and  enveloped  many  of  them*  "•  Most  of 
them  are  broken  into  small  angular  fragments  and  chips,  the 
greater  part  of  which  lay  separately  in  the  mud."— (Ae/.  DiL 
12.)  The  present  existence  of  pitfalls,  and  subterranean 
rivers  in  the  same  limestone,  likewise  gives  strong  {Mrobability 
to  the  inference  which  we  have  drawn,  or  rather  would 
amount  to  a  proof,  provided  there  be^nothing  in  the  condition 
of  the  bones  themselves,  justifyfng  the  propriety  of  another 
explanation. 

The  bones  in  the  caves  are  chiefly  fragments,  and  besides 
the  small  splinters,  numerous  portions  of  the  ends,  or  the  most 
solid  portions  of  the  larger  bones,  the  jaw  and  teeth,  occur. 
Sbme  of  these  splinters  are  angular,  ^  but  many  others  were 
decidedly  rounded  and  smoothed  at  the  projecting  parts, 
bearing  obvious  marks  of  having  been  long  agitated  by  wa- 
ter."— (Young,  Wem.  Mem*  iv.  266.)  These  circumstances 
confirm  the  supposition,  that  the  bones  were  drifted  into  their 
present  position  by  water,  especially  when  we  keep  in  view, 
that  the  bones  of  the  different  species  were  found  co-exten- 
.sively  distributed  ^  even  in  the  inmost  and  smallest  recesses." 
{ReL  DiL  16.)  Professor  Buckland^  in  endeavouring  to  es- 
tablish his  hypothesis,  that  hysnas  dragged  in  the  bones  in 
question,  considers  the  rounding  of  the  fragments  as  having 
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been  produced  bj  the  treading  of  the  animak  in  the  bottofli 
of  their  den.  His  chief  argument,  hoiwevjert  13  derived  frooa 
indentations  which  arc  observable  on  some  of  the  bones,  and 
which  he  refers  to  the  nibbting^f;^!^^  hyenas  v^bil|^ci^»cking 
the  bones,  in  order  LQ.£K^:$^V;tlvs.?9^n;o^-  .]^.V/9n  admitting 
that  these  indent?»twn*.la[fiv^bQi^,.pi:o^WCfi^  by,.thp  ijBctth  of 

hyaenas  (an  Dpiniop.j,wt.,rien/tilflv4,  WW-prob^JiW^rt.^liH  we 
would  adhere  to  the  explanation  already  given,  ^j;^:^}  these 
markings  (n3y^ha^(^»|?^i^i^%e4pby  .t))f^^?^^^^t>»  Wnes 
as  they  lay.  4^1?  Ab^  prjgipftKjjiUi^li  W  ^hv^^  tl^esft  depfi^dstfora 
may  hav^.  hrid  pcee^v   Mf^^fH^m^-^o jij^e,,mi^s^s^.  p^  oa 

the  uln«^  of  ^  w«)JCan4  the  iibin^f^^  fepRsye,:fl995isipip^4».itt  the 
opinicHi.Qf;  tl;^  P^f)fc^5pr,,by  .^h^.i?j|i>jp«;;ji«^.9^^ 
the  sizre.of'  ^.jWeWplj  b^^U^f, ,"  Thqf^  ff^  u^\^^  ]^ye,h^ea 
formed  b^for,€;Ttbe'/bpn^Hwag,Jsc»b?d^edyiiVflHB4  \^4i^^\\9^eBi 
recesses  .of  .Uv?;jcarv^,^ofi  ipr/pb^iily,whiJ^J  Jt,  .^y,^posed 
in  some  .upp^?  Ciav^y  K>)^.|th^  ifoftk^"  .  .>¥iij['ff^<^^^^P'  ^idopt  a 
similar  je:ifp4anp;^iftiii.^i.tlp^  la^rgiiir. ffia^kings.  An  J^h^  Kirkdale 
bones?  B^  if  ,/i,he..byflE|na^^^W'i^d  ^B^/A-Uije  J^^ 
be  asked^  .whydi4)ttiQy  t>w^pofl,t}»p^^  fj[,8,^^ipaU  animus, 
as  wate wftts, ;wea4<>liy4'aibbi«4vPig|fi«^s,,Sflip^s„f^n^^ev».laurks, 
— aniamKwhichr^p«H  bwg*\y.t^iPft«iiii^!?>id.pG|t»b^ia  9H>ttth- 
fuL    B\^  %h^  diffiaujty  iwr^^s. wbfiw,  ^^.^js^iAof^,  ihafc  if 

the  evider^CiJ  is  G^^lttsivfe^-tOi bra.?e  ^tbftt  ti^,hyflgi«  ^vwd  in 
the  bones  of  the  elephant  ana  rbioQci^cQ^t  ,^4  j^^uqc^  them 
to  fragmbeutei .  iticqwallliyi  pvovas  xl|iM^.b^^,g^??2ill  ^t]|fl|B^of  ihese 
animals  were,ea«ri/pd  m  Ipy  .tb?  s^m^i^gpHi/J^^oJ^^V^  t.hat 
the  hysna.whjcb  knavt^d. th0Mborte$,9^!'$|9r^^ph^nt,,|caode- 
ficended  to  pick  theiflesb^frpni'a  tii^CH^ai^  aii^^ili^^ 
its  jaws  and  legsir    This  iWouldipr^vejtpPrWf^lj;,.,!,., 

The  circiunsian&e  ot  PfQf(iSs<Mr  ,BMckl9P^^^isftQ^X^i^g  some 
rounded  piecea  •orubalb,iiWbich'  bd  cpRwdejriii^s  (^is^lbmn 
gi'd&cum  or  feoal  mt^it«f.of  ^be^fonm^r  i^Wia4^?>  9!*  (h^/ko,  at 
first  sight,  sti'engl«hens<  hisQonjeQiur^e.  'Mx\  Youpg^^y§,  that, 
'^  having  observed  some  piecea  #l,boM^  f^arlyi-fi^^M^^oB^ 
fttate^  I  am  not  without  suspicion  <^E|t  (^^hji^.-mbofe'^M^y.  be  por- 
tions of  bone,  decomposed  in  th$  cayorhi  ajylredu^d  to  their 
? resent  form  by  a^  mixture  of^w^ter^ndiQtber  io^^dients.^ 
iTithout  venturing  (o  give  an  opiiiioi»'i^^e|siing,(b^  >(li<pQ^ 
matter,  I  may  add^  that^  eveni'viewiiilg'i^  as^ttheifip^al  matter 
of  hyasnas,  it  too  could  be'cafricd/iOfby/a  So^ras  easily  as 
the  OS  calcis  of  a  water-rat,  the  J»wi  of  a  moose,  the  ulna  of  a 
lork,  or  the  shoulder  blade  of  a  'small  4*^»  The  evidence 
proving  the  Kirkdale  cave  to  have  beea  an  aatediluvian  den,. 
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diQS  seem$,  in  allftd  paft^,  ^  d^fielMlt  Iri  preci^bnvds  to  war- 
rant the  i*^jfection  of  iMi  hypotbesis  H  has  been  produced  to 
support.  '  *  M    •    . 

In  s^verrf  cares  (feonrf^f  in^ach  clrturrfstahces  dccufr  in'  the 
neighbotirliood  of  KfritdMe)  th^  tntid  does  ncit  contain  any  or- 

fjante  feihkinfeJ  Iri  sadh' iato;  ^be'fl^KKl'milst  havc^  b^«h  truly 
ocal,  or  passed '(hr6\rgW  cAtfeiW  de4t*«uf<*  6f  the  afcetetotts  of 
wiH'b^asts.'" '--''. '-\'';  •  "■'^' '■ '^  >•'* '"'^  '•'    •'      •  ' 

ThoO^li'fttf  ^\idfA\\  t6in^ 'Stives  is  fcW»tinaotis/.hi  oAer  casea 
it  to  dtetmfwry  i^Wafifl^i  WtHirirtSnfe  te'ttti*odiic^n^.fo  the  cave 
at  dlBferWiffrttet*?^.  '^***fti  t*y*'tei<jte  vatllrat  ©i^tstrti^  where 


the  adjafcerit  feounthri  'It'te  aUso  partialtyiitt«'i^t30»^<?d'  with 
«marlPffagdents  irf  dfiy^late  attd  quclrt2?.^^^(«H.  i»iY;  70.) 

The  fast  cfrdhnistafice'wbteh  V^hM  ii6tice  «odni<^cted  with 
the  mud  M'c^jiVtsr,  i^th^^b^eM^e  oi^'simitdrTPyi^^^dldiiir  and 
coinpositibn  in  idtfTe^rtt  ^ititHttts;^'  "Hi'fhe' hiud  ef'the  ^eologi- 
tal  deluge,  pr<ydueetf  frbtn  the  ilrr^k  <</il>Jo!rtVa5rbhd' England, 
or  rather  of  the  t^hdlesttrtaee-of  the  fe«rtb,>Weinight  expect 
the  ekbibitiotr  ot  a  eomtnon 'ehs(rdi»ei^  in  all  cave6*  Bat  when 
different  i^ves*  bat^  dtod  of  tt  pawltufet*')ocafl  diArfieter,  the 
InfeHsWee'  is  dbi^iolift;  fb^t  th^'oa<aises'(cre'A)e«rned  in  its  produc- 
tidft  bftVe  iike#f^  be'<M^ /(M^e^j.  '  '  .   i   .. 

IV.  EafHndt  ;drtTWW/i».-LtWe^^rtf  #udd<i»n,  artlversal,  and  im- 
petuoQ^'flbod;  isweept*d  bur  tslbitd  i^  Itsfary,  tend  animals 
ttid«(^hjiVe  been 'droi^ted'ahd' carried  off,  or,  as  Professor 
6tf<*kldrtrf  eStpir^s*ie«  Wtns**f,"  '*  every  thing  that  lay  without, 
on  the  antedHhi'i^n  4^Kn6f,  inttsl:  have  been  swept  far  away, 
artd'aWH^i'W^'the'vli^ten*^  of  the  diluvian  waters."— (/?c/, 
2W/i'89i!^  '^Ff  Wle'^dtlli^  th(^  tvmh  of  this  statement,  we  should 
fiot  Wtpi^tii  in  <f\i^'t^Mf\ity  a-  single  skeleton  of  a  native  animal, 
in'^f 'grav^V'^A  lotam^-oMn  eaves.  Yet  it  is  admitted  that 
ttutaffefon^^i-eKbi^ef  land^anlmals,  which  lived  and  died  in  the 
i^ritt^y;  8f*iB  gieHet^tty  distributed  in  gravel,  loam  and  caves. 
I^bi'fnelidM'fttl^Mce  td<:onclude,  from  these  premises,  that 
n^yiereh* g^ldglcffl 'deluge  ever  occurred.  Nor  is  other  evi- 
deniie  wanting'  td  justify  the  same  conclusion.  If  these  re* 
m^in^  *•  W^e'drlfted  from  other  countries  to  those  in  which 
we'  feAd  lfc^,^  we  may  ask,  from  what  countries  ?  Not 
freM  tMpi^al  regions,  for  the  specUs  of  hyiena,  elephant,  and 
rfcineceros,  the  remains  of  which  occur  in  our  superficial 
strata,  never  were  tropkal  animals,  although  from  name  the 
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general  reader  may  be  betrayed  to  such  an  opinion.  If  these 
remains  ^^  floated  backwards  and., fprMf^r^s  bv  the  flux  and 
reflux  oF  the  mighi^  currents  tbeio  in  motion,  before  the  car- 
cases becaiQe  puirK^,  ,and  ^^  hot\^  Ml  pieceoietd  iitl<>  the 
gravel,  a^  the  agit^tioi^  subsidf^^i'^  th^  should  ,we  expect  to 
find  the  reliica  of  tfaei,aau^^UjQ^|9i|Q,tic,,te«ip)^atf)«ap|d  tropical 
regions^  ;n^ngled  ini  thf:$^^.gf^yijflj,ijgi,o^ber  word^,  all  tbc 
law^  W.hicli  refi;u[ate  tWph}f^\q^i  c(i$t^^^  of  anions  WOuU 
have  beeii  violated,  and  our  gravel, be<i|s  .WRuld .^avic  I^t^eO'fdl 
of  the^nrionu^ei^ts  pf .tl^fi  r^t^^ip^*  ,V^,fbQi!Q  is,  no  iuicb«<)on- 
fusion  I  consequently  thjB^e !  baye  bieen  i^  #uch.  pi^gh^ciir- 

Pirnaps  tB'e  most  inter.esUi;jgi|a  jo  tbQ.h4»^y0(!;lMereb*GS 
in  oiir  mode|Ji  strata,  is  the  {QCjCu^rencfi.ii^tb^ 
the  boh^s,  of  ^'nirnals  >vbich  ^ay^  b^on^  cj^jyu^ctyi^tb&ueliLas 
have,  been  ej^tirpated  .t)y  thei ,cb^Ae^,  aqd  .with  «uQb,  ^  slUl  in- 
habit the  country.  ''^  Xji>s  fftPfjr  .white  4t  t^ji^w^jg^e^  ^lightoa 
the  early  state  of  the  akuqaal.Hwg4oi»,,  q^ay  ibf|  ir^g^rded  m 
the  deathrbl9w  of  .tj^^,d/J«jvisip.hypjptl|fw«  ox^qct  ani- 

mals were,  accyrain^  ^p  ,B^roR  CMyipf'^t^.Pr^^fesfpr  Buck* 

land,  antediluvian^  and  )Pfri^Vp4/w^  by  the 

destrucdve  agenc^y  of ,  fhe  djjji^viaij^  watem* .  :ThQif]^ecUQn  to 
this  explanation  is  vri^n^er^e.'^  ^The.djhjiviJWnwWateW  «wt 
have  drowned  aK  tan4  ftmmf^f8 ^  v^t^^^iDgt  ^bii^h.  HMe4(ia  the 
reputed  antediliivian.  \yorId^  ^iltwe  a^d  ^pwri^  ifi  tl|ft,saine 
countries^here  the  remains  of  their  progenitctf3i(ie  iiiO^inned* 
I  can  find  w  atteppt,to  eyp|^ip4^^fi^t^^)»4?iept..thai, »  the 
Reliquue  DUuviana:^  (p,  |lI^).,th^e.i9',roputi9n.i^id^o£ pertain 
species  having  ^  re^^ahriefied,  thj^^n§e(vj^  m»tj^f ,.|^thiw0  por- 
tions of  dfi'e  world  jsince  the  ><^eili^^A^\.an4,f y/J^^«*^W^^*M^^ 
(Edin.  rUit'J[ourn^  jKfp.]  spciy- 3(}?»J', ,m  qtbflrs, V^t  b^ye  ^ 
ptopM  thi>  country  6%e|;tbk,foJ:mpttjpp,,o^  Ah^  d^MW^^ 
The  history  blj'  this  >^«st^bU^hiog  i^i;  .rfpe9pliw  4HHibpin§ 
glVeA,  We"64fihPt  exafnin^  the  vaJiue,.of  th«  ^.viMew^lM^^ 
in' its  support:.  V  B(;it  w(?  ^lay  asW^f  U^^ 
took  plact,  from  'whence  dig  tl^e  TOpc^Qrpj.jaywPwU/pRlweed 
which  fc^/op/erfthe  coMptry?  liT'tb^r^.W^^aiijiy  p|{f9i^4ritbin 
thelitoU  bf  the,  geographical  jd^^^ 

ihals  Whteh  Ih^  mfp^l^n  waters  ai^  npt j-^pqh,jMif^^t  pi^y-  b« 
suppofifey,  thji't,  Ihdepehdpnt  oiX\\^miJidp\  afl4  M'^t^fwi  TOVire 
of  the  iriundatipn,  a  place  of  refuse  might  (b^vej^^^pii^  ^undi 
to  whicb .these  animals  retired  during  the  fury  pf  Uie«agUaled 
waters,  and  from  whence  the^  might  issue  forth  to  r^people 
the  disoiated  regions.  '  But^  the  history  of  the  geological  deK 
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tige  does  not  warrant  soch  a  Eupposition ;  nor,  even  if  it  did, 
trouM  the  difficulty  be  femoved.  We  could  not  avoid  draw- 
ing the  inference,  that'lhc  place  of  refuge  for  the  deer  and  the 
ox  daring  the  catastrophe,  might  have  yielded  protection  to 
the  gigftntlcelk  and  the  hoannnotlj.  If  any  great  inundation 
occBSiDiH^d  the  exiinctiofi  dfthefee  reputed  antediluvian  quad- 
rupeds, its'ravAgesraiist'KaTe  extended  tithe  other  species 
having tht'iKlirie  dHtributiott,  feeding  iri  the  same  meadow,  or 
brbw«mg  Ttt  the  sfttne  forest.'      ,    

Perhaps  (ht*  alietlora  bf  tfte  dTlnVian  bypothrsis  may  have 
recottrt*6'ia  the  AfkaS  the  'pirtte  where  the  modern  species 
found  a  temporary  asylum.  Slill  wc  have  to  ask  the  proof 
offh^estlfclldhrnent'of  tfiat  tkib'i:f'e^'cftision,  iinder  the  opera- 
tion'of  wfa)«h'tlt^eteaimoth'  a^d  bi's  ilmfortuhatc  companions 
sufiWred'^Mini^tfAn'?  If  these  Nverc  Vioi  excluded,  we  have  still 
to  ask,  what'  ha* 'beCotof;  'bf  \iie  po^ldiluvlan  pairs  and  tkdr 
fitmilia^  6f  theS^'htrW  exrinct'spfecftsj'sinpje' they  outlived  the 
deluge, 'but'haye  ffl(lcedi»ftpp,eafeJ)'»  '■     '    .  '     \'   '■ 

Under 'th^<cbnvietmnth9l'tHil  is  did  not 

explrin'the'ettilidfi^  l^  '6\xi^i.  \  that  the 

SBbjeCt,  cV^n  in-the'tetid^-'orBial  (received 

the  eloCidWiflit  of  whlcH  ft  #ai  ^\  /oured,  jn 

my  "  fWIWOfAK'  o^Zdoft)^,"''W^  hick  regu- 

late ihi  'PhyfereAI  BfitHbtrtipij '  of^Antiiials,  a»  a  preparation 
for  irtifdying  the''*'li!eVtituUAUs:*'^hich  had  taken  place  in  the 
animal  Kiogde'ttiJ- ■■''"''  >i'"' ■'""*■  ■'; 

I  iheVe'intitoWttf'ft^lgeh^l'ttf&s  ffoi- Icoul^not  spare 
roOffl'fo^'nkW'|v''ilh€^t*HWls''wMctf  (he  persecutions  of  man 
must  h&vt^d(fee<J  6rt  tJje'di^triWtlon  of  many  species.  At 
the  re^iW^t  aP'My'.'vjililed  frieniaPrbfessor  JamesoB,  I  extend- 
ed thest  isbyeW^ti6n*,ita' the  paper  on  the  "iJwiritiidon  o/" 
Bn'(iicA"Jii(;(ji(J&,*'rthi(ih  a|(peared  In  ^is  jpurnal.*  Svhs^ 
quenrreflfecB*j^bi(thfe  dtfhject'has  Only  served  to  confirm  the 
viewtf  I"  hSff'briAight  forward,  and  to  convince  me  that  we 
mnat  re^r'tlfe  extitietion  'bf  these  early  quadrupeds  to  the 
destPix^tivejiAttofnce  of  the  dh&s^> 

It  is  admltt^  dn  all'  hatidb,  that  the  relic  of  the  extinct 
quadniped^j  of  those  'Miit!:h  we  know  to  have  been  extirpated 
bynlan,  ana^f'tholse  Which  still  dwell  in  the  country,  are 
coextehsfv*ly' aiktrthiited;  and  tnust  all  have  lived  al  the  same 
time  it^  thls'siid'analogous  couhirles.  From  these  premises, 
I  may  safeiy  dta*  the  follbwjng  conclusions:—!.  That  the 

'    ■   '    •  Bo»t.  Joun.  Tol.  n.  p.  316. 
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cause  pf  extinction  was  not  a  general  physical  one,  as  it  did 
not  extend  successfully  to  th^  subsequently  extirpated  and 
recent  species.  2.  That  the  cause  of.  extirpation  has  not  ex- 
tended successfully ^s  yet  to  (he  existing  species.  From  the 
evidence  of  our  obsei'vatiop,  ,anq  ih^  testimony  of  history, 
confirmed  by  gcplogical  docuroenlfs,  I  a^i  warranted  likewise 
io  the  followi^ig  conclqsiQijst^f.  Man  is  at  present  cai^rying 
OD  extirpating  pper^tionis/ag^inst  qriahy  species  j  nor  is  Inere 
room  to  dou^  Ihat  in  any  age  h^  ever  was  otherwise  occu* 
pied. .  i*  t)iiflfcrept  species  vary  in  (be  extent  of  tlieir  resourc- 
es^ to  resi?jt  ,^ljes^. extirpatjrW  efforts/*  3.  The  tnrfiVAiA/*  of 
many  spcjcies  ha^v^  been  gi^eany  reduced  in  numbers  by  these 
fsffbrisi  4.  A(Ltfie\indw^uah  of  several  species  have  been 
dt'8troy<qd  Ibjj;  tp(?$e  effortp^  ir^  this  country,  even  within  th^ 
last  sjx  or  cijajfitpentpries.  ^1  If  extirp'uion  has  taken  place 
to  such  ap  .extcntj  jvhhin  the'  period  of  a'  few  centuries,  ho# 
manifpld.  must.  Jiave  l?eeri  its  effects  during  the  six  thousind 
years  thgt  mcjn  has  lorclccr  ^jve'r.thie  creation.  To  such  efibrft 
do  I  diH:r!^e  tnlp  extinction  of  our  ancient  quadrupeds  5  and 
the  inductive  reasoning  whfcH  led  me  tP  the  opinioni  carries 
along  with,  it  all  the  authority  of  demonstration. 

To  the  explanation  ^ytiictx  has*  thus  bieii  proposed  to  ac- 
count for  the  extinction  of  certain  quadrupcdsi  several  objec- 
tions have  been  offered  by  Professor  Buckland  in  his**  Reply-* 
(No  jXxiv.  312.)  They  seeixi,  hpwever,  to  have  origiriatecrin 
imperfect  noti9ns  respecting  the  '*  Distribution  o'f  Animals ;" 
and,  therefore,  readily  admit  of  an  answer. 

'^1.  U  it  not  incumbent  on  him  first  to  shoW  at'wh^t  period 
such  animals  as  these,  much  too  formidable  to  lie  overlooked, 
were  ever  known  to  have  existed  ?^    I  d6  not' think  the  proof 

4'  not 
and 


"2.  Can  he  give  any  reason  why  hy-deuas  should  h'aVe  been 
extirpated  at  a  mpre  early  period  than  wolvds,  h^d  tbc'y  ever 
existed  in  postdllv ian  Britain  } ''  Yes.  Theil*  i-e^ourc^s  against 
the  eflbrts'of  the  sportsman  must  have  been  fewer  and  fess 
eflicacious.  The  proof  rests  on  analogy.  I'he  wolf  has  been 
extirpated,  but  the  fox  remains.  The  heat  has  been  Extir- 
pated, while  the  badger  remains.  If  we  pass  from  Britain  to 
the  Continent,  similar  proofs  occur.  The  gjgantie  elk  hai 
been  annihilated,  while  the  Scandinavian  elk  remains.  If  we 
pass  from  Europe  to  America,  still  there  are  proofs :  the  musk 
ox  has  perished  inJEurope,  yet  it  exists  in  America. 


Dr  Fleming  on  thi  Geoli^ical  Dtlugu  6G1 

^  3.  Is  it  probable  that  the  sava^  h<H*de8. which  inhabited 
Germany  before  its  occupation  by  the  Romans,  should  have 
utterly  destroyed  such  powerfut  animals  as  the  elephant  and 
rhinocer()s,  as  well  as  the  hyaena,  ffom  the  impenetrable  fast- 
nesses of  the  great  Harcynian  forest,  when  animals  of  the 
same  kinci  have  not  ^^t  ^edsed  to  ^boutid  in  the  woods  of 
India,  and  the  wllcls  of  Africa,  in  spile  ofj  a  farther  persecution 
of  pearly  two  thousand* yeai*s 7^  Quite  prcflbable.  The  ob- 
jection is  specious^  not'  solid.  Savages  are  jgood  huntsmen; 
and  those  wljich.  inhabited  the^es't  of  Europe  tifer^  not  desti- 
tute of  e:,iergyj  as  the  Roman^ found  to  their  toii.'  Those  of 
temperate  and  cold  /climates,  nHist  follovv  the  lihase  eagerly, 
Cer^s'to  them  teing  niggardjy.  ,  T|idy,  too,,  cWcommu  their 
depredations  with  greater  effect,  aicfecl'  by  Uie 'sp^sons,  and 
the  migrations  consequent  on. the  changes  thietcidf.  Bot  inde- 
pendent of.  these  explanations,  1  tp6  may  a'sji,''HoW'hjive  the 
wolf  and  the  bear,  and  the  beavei'  oe^rl  ekt^rpated  ftora  Brit- 
ain, while,  in  the  nighbouring  continent,  "after  a  farther  per- 
secution,'' they  sUy  maintain  th^ir  ground,  * '  f  lie  same  expld- 
nation  must  apply. to  b6th  ci?s^s,^lli6  different  fiicilities  of 
the  sportsman  to.  gain  his  ODJecl.,  '    '     ' 

"4,  Surely  thle  theory  pf  ^heijr  extinction  by*  the  savage 
natives,  precedfng  the;  Roman,inva$i6n  of  these  countries,'isa 
matter  of  the  l^ighest  improbabijityj'  their  Existence  at.  that 
time,  and  subsequent,  extirpation.  Is,  iri  Xhe  iuter  silence  of 
Cffisar  an^  Tacitus,  and, all  later  hist6i'ians,  arideVen  of  tra- 
dition, a  mpral  impossibility/'  I  deny  that  the  natives  were 
savage!)  at  (he  period  of  th,e  Roman  invasion  :  and  let  the  ap- 
peal be  .made  to  tl^e  .writir\gs  of.  Caesar  and  Tacitus.  The 
sile;)ce  of  the  Romaic  Ijislorjians  as  to  the.  destruction  of  native 
animafc^is.of  Ijute  moment.  T^e  process  6f. extirpation  is 
gradual^  ,pnd  had  commenced  long  before  Romulus  and  Re- 
mus had  a  being,  or  the  wolf  ;(hal  suckTed  (hem.  The  histo- 
rians werp  ot|)erwise  occupied;  Caesar, ^in  record ihg\hi^  QW*n 
achievement^,  and  Tacitus  in  lauding  ^he  deeds  of  AgHcola, 
and  fabricating  speeches  fo;-  Galgacus.,  As  for  tradition,  the 
learned  Professor  rejects,  the  testimony  of  the  JlJebelungen, 
a  poem  of  the  thirteenth  century,  which  seifiins  to  refer'  to 
these  extinct  animals,  because  ft  records;  at  the  sathe  time, 
some  supcrsiilivus  notions  .of  the  aera  in  which  it  W^s  written. 
'  What  will  become  of  poor  Samger Johnson's  Tour  aifeUr  cen- 
turies hence^,wilh  its  second  sight  f 

There  is  not  in  the  whole  range  of  thfs  question,  a  single 
fact,  in  the  history  of  animals,  yet  produced,  which  justifies, 
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or  renders  probable  the  diluvian  hypothesis.  The  whole  sci- 
ence of  zoology  is  opposed  to  ft.  Nor  Is  phytology  friendly 
to  the  caase.  / .  ^ 

If  ever  a  mighty  torrent  of  fresh  or  salt  water  committed 
those  ravages  on  rocks  and  valleys,  which  it  is  represented  to 
have  done,  the  stni  and  land-planfs  inost  have  been  the  first 
victims  of  il^  ftJry ;  and  in  otrr  gi*ayel,'lake^  and  pei^t-bogs,  we 
should  now  firtd  the  wtoods  of  tropical  forests  tommingled  with 
those  whicfr  temperate  r^gi6ns  produced,  as  they  "floated 
backwards  and  forwards  by  the  flux  and  i^eflux  of  the  mighty 
currents  then  in  motion,'*  tmtil  they  rested' In  the  hbIlote$  of 
the  surfSkCe,  uJ)on '  the  retiring  of  the  waters.  The  existence 
of  Iand*-p1ants,'ftt' present,  on  the  ^ijrfhce,  and  the  ibsence  of 
the  wreck  refcfffed  tb,'attejj|t  the  n(>n-exisience  of  this  supposed 
catastfophe. '  Perhaps  the  plants  ha vcf  ''re-established '*  them- 
selves, and  "repeopled*  the  desolated  regib^js?  Where  was 
the  spot  in  which 'they  tenjoyed  exiemption  from  the  fury  of 
the  diluvian  waters?  It'mii:St  'K^ve  been  within, the  Kmiis  of 
their  geographical  dbtribtitibn ;  artd  as  each  district  must 
have  had  a  separate  s^nctuaf^  corresponding  to  the  distribu- 
tion of  the  species^  the  i^ighty  torrent  must  have  met  with 
many  checks  in  ilslpVogrfess.  It'tnay  be  added,  that  the  ani- 
mals  when  they  retiimed  to'l'epebple  the  valleys  of  denuda- 
tion, must  hftve  been  scantily  supplied  with  herbage;  and^ 
centuries  must  have  elapserf'^ before  the  washed,' waterwdrn' 
rocks  could  furnish  a  siipport  to  ihe  vegetable  tribes* 

Pcrtaps  the  advocates  of  the  dituvian  ^hypothe^is,  in  (life 
absence  of  ^11  support  from  physictil  sciericev  tnay  give'  it  as 
their  opirtion,  that  the  Deity,  immediately  after  tqe  catastro- ; 
phe,  created  new  soil,  re-created  the  plants,  and  i*e-created  ct 
part  of 'the  species  of  animals  which  had  been  destroyed.*  Is 
not  the  sileiiCe  of  Moses  fatal  to  the  conjecture?'.  "Would  be 
have  failed  to  record  in  the  sacred  volume  iHi  Second  mag- 
nificent display  of  creative  power?  Perhaps,  ih  this  case^ 
there  is  tntith  need  to  be  reminded  of  the  caution  of  the  poet:' 
— ^"  Nee  Deus  intersit  nisi  dignos  vindice  nodus.'' 

From  the  prjededing  statements,  I  feel  myself  warranted  to 
condude^  That  the  occurrence  of  the  ge^lag^al  dalvge^  io  ks 
effecta^  such  as. the  advocates  of  the  diluviati  hypothesis  de- 
scribe, iSi,  like  similar  well  meant  inventkms  of  Uieir  prede^ 
cessora,  Biimct,  Woodward,  and  Whiston,  disproved. bj  the 
truths  of  Geology^  the  truths  of  Zoology,  theamths  of  Pbyt<H 
logy ;  and  ^  contra<Ucted  by  the  authority  of  Revelation. 

Flisk,  24/fc  Deccmfter  1825. 
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Art-  LII. — Obtervalion^,  on  tlit,,  Ftifc<mw,  F^amali^^s.an.  th* 
Le/l  Bank  of  tk't  Rhine.  By  G.  FoOlett  Schops,  Esq.-rri 
\_Brtp13UrU  Jourtul     ,,,  ,], ,;]  T,   ■„.,■,■  ,■,•■_._,.:■.,■: 

Thb  volqaniq  product*  iphv?!*  WWI.  \^  ^  Pflnssi^ni  pf^y 

HHct  tff  no  lErcW  ej-lcfltK  }vliictv,^y,j?ftdpscril««i,ajl  )?PWMi€4 

«p  ihesoui^^n^.east^bjlMw.  Al05^Fyp,aitU  WJtl*)  <#if^»  'Wtfc 
a;id  west  tji»  1JH«  pp^RJOa-Oipn? ffW"  lh«flVgtt!0efflun5l,:Priif% 

and  Ei(liurg„»o  BawcaAie]  pn  tpCjiMo^qllflti  i,  .nn-fi'-.-   >i    - 

lifs  dji^^^ct  i^icl»!efl^.cqrppflsqc|"9(,liraqsiM*|n,stttfft,  B,pfirt  of 
the  gr?af..BJ^nc.,s<?tnsj-/9;-jnaf,\oR^ ,  ;lii:*  fpff  fti|H«f i^^ws '» far*, 

name,  .tT^  YoIp^nf9,erHpt^i5j-,Wv<;,-forcsd,-|tiiffii?  ,yiftjy„  with, 
^ppareaj)  ifldifftr^ncp,,.polp,ffli  ^bi?, .Ni"'*  Wi^e^ft  ,lJ>e;staie  «■ 
Cflvercd„by.^ii^£;,5(r9ta,|3j^  .»|Hi)P(-q^.^lp)f[jppTi^^..,  Tie  vol- 


gplsgebfri^ft,  tF|,lUioifpl}fj;^%,  JMe^jner^  f  ;bts- 

stretching  fpifm  Vfpp^itp  ^^|in„a  iine.uargiH'  i(iye. 

aw  ftf  wje,Ajpfi,,pn:^,,r;Wip>!qid -fiMtt  f9ff  dejre;;^,  ^  .t(ie 


p^ftept,t9"d^cfj)lp  baft,bp?J},g^Ac;-,^tj  se(>ai;atpd,,ly(,»i;rHFr»- 


t^ckljV^gr,q^psd,,^)ge(Ihe^  3l„il5  wc^Ufra  (Jijd  eastern, Mifpinl 

1,  and,  tt 
yiskeij  .1 

ntjemas ,,   ,_     __     , 

this  division  in  ihgirjUescrip^qn.  .  ■•■■i  ■•.)'•  ■■.■■)tj 


ep,aDd,thq-,yw)pr,Mti   .,2^  Tfi^l'of  thpj]:^>i((jr,^i%^   ,Ai 


ti^.:-T^«eJ 

ep,aDdtliq,p        ,,,    ,,,      .      ..-,      ,.  .-,,,.,,.,,  , 

I  yisited  .ih€;qi  diij;i^,.^o  differefit  px^wsio^s,, the.|Srs(,itJ;pia. 
Ant(emasli,,,Eiii(}  t&e  sapped  .frpOj,  fip^  I,ai4x,^S^!?/J  jre^ajn 


Vpon^nachingjAe  sQEtiiiM  of^itlra'sdwp^bnd^'k'Ichb^Mthi* 
vated.«}dpa)wHiah,i  near  AnderBaoh^'foFms'  iheildi  oantcbr- 
th«;£tiiK^,ji;^cMaudt)er>lyifiiid  youheelf  in  a  rudeiMid^ibarreiV' 
coitotr^,iprm«^ibg.B' strong  toatr3Et'to'lh«'!rofcajid'1lixarianl'> 
scenery  yoBrlhaneileft  behoul^  an€ie«nsisthi§Df 'an Elevated*' 
fflouDtain  plktcail  of  greywacke  dlate,  across  ivhich  the  deep 

Soft.  Jour.  Av^.  Sf  Sept.  1826.        72 
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valley  of  the  Rhine  appears  but  as  a  narrow  trough-shaped 
channel  which  the  eye  overlooks  entirely,  the  plateau  being 
continued  at  the  same  i^vel  immediately  oa  the  eastern  side 
of  that  river.  On  the  westward  the  general  level  rises  gradu- 
ally to  the  nigged  heighis  of  the  Upper  Eiffel,  end  it  is  also 
partially  broken  by  the  narroAv  and  sinUous  gorges  through 
which. a  few  tiibutery  sireamleU  find  their  waj^  into  the 
Rbine^  and  stiU  more  so  by  a  number  of  isolated  hills  of  vol* 
caoic  formation,  mostly  of  a  sub>CQrMcal  f^rm,  with  which  the 
surface  of  the  plateau  is  irregularly  studded^  Some  of  these 
hills  are  very  complete  volcanic  cones,  with  or  without  a  cen- 
tral funnel  or  ■  crater,  as  the  Ilirschenberg,  near  Burg-brMhl, 
the  fiousenborg  between  that  village  apd  01  burg,  the  Poter^ 
PcUenberg,  :and  laatly,  theCamillen-bprg,  perhaps  the  highest 
aod/largesHt  of  these  hills,  which  appears  lo  ris^  above  1000 
feet  above  the  level  of  ibe  surrounciing  slate  plateau.  Others - 
are  less  regular,  seeming  to  owe  their  want  of  symmetry  ta 
their  being  thrown  up  on  ao  uneven  surface,  as  the  steep  side 
of  a  valley.  Sue,  Otbers<  fordri  elongated  ridges,  cpiDposed  of 
the  minglecj.  products  of  three  or  four  neighbouring  volcanic 
orifices.     Such  are  the  hills' above  Nieder-nich. 

Many  have  regularly  funneKshaped  craters ;  othefs  are 
breached  on  one  side  by  the  subsequent  emission  of  a  lava 
stream^  and  some  arc  still,  more  irregular,  and  appear  to  have 
suffered  more  or  less  destruction  from  the  mechanical  action 
of  some  denudatittg  force  since  their  production.  All  these 
ooaes  of  every  kind  are  composed  wholly  of  loose  conglome- 
rate, or  iaf>illo,  containing  numerous  pumice  stones,  fragquents 
of  a  phonoliiic  lava  of  clay  slate^  partly  calcined,  &c«' 

Tiiia  beds  of  these  fi*agmentary  matters  also  occasionally 
co^er  the  fiat  parts  of  the  slate  plateau  in  the  vicinity  of  the 
uonds,  or  oceupy  a  few  bosoqaing  hollows  in  tbQ  slopes  of  its 
valleys* 

Many  of  these  valleys  are  also  filled  to  a  considerable 
height,  often  to  more  than  half  their  total  d^th,  with  indu- 
rated tufa,  called  in  the  dialect  of  the  country  Duksiein  or 
Trass,  of  which  an  immense  quantity  Ls  quarried  on  numerous 
points,  and  tarried  down  the  Rhirfe  into  Holland,  where  it  is 
in  great  request  for  buildings*  The  lower  part  of  the  mass  is 
universally  the  most  solid  and  compact,  and  hence  is  preferred 
by  die  quarrymen.  It  passes  gradually  into  loose  arenace- 
ous tufa  towards  the  upper  part  of  the  deposit.  This  tufa  re- 
sembles extremely  that  of  Naples  (particularly  of  Capo  di 
Monte  and  PosilipaV    When  freshly  quarried,  it  is  thorough- 
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1y  saturated  with  water,  which  is  driven  out  by  every  Mow  of 
m  hamuier  tipon  it.  In  this  state  it  is  of  a  dull  bhiish  black 
colour,  but,  on  drying,  it  assumes  a  shade  of  light  grey«  It 
appears  to  beahnost  wholly  tompoded  of  fragmentary  pomice, 
and  is  evidently  a  conglotnerat'e*  It  contains  also  fragments 
of  a  slaty  or  phonoUtic,  and  of  amorphoas' basalt,  of  burnt 
clay-slate,  and  a  great  quantity  of  carbonired  wood,  not  in 
fragments  or  beds,  but  oonsifi^ing  of  whole  truahs  or  branches, 
which  penetrate  the  rock  in  all  cHreetions«  The  condition  of 
this  wood  is  very  nearly  that  of  common  charcoal,  but  it  pul- 
verises  more  readily,  and  often  of  its  own'  accord,  on  expo- 
sure. In  the  valley  of  Buf^-bruhl  the  trass  Tests  somelines 
immediditely  on  the  clay^slate^  but,  on  other  points,  a  bed  of 
caic-tuff  intervenes,  the  deposit  of  Mdou>e  mineral  spriiiig  prior 
to  the  deposition  of  the  tufa.  A 'Similar  incrustfttion  occasion- 
ally overlies  the  trass,  and  has  enveloped  frs^ments  of  pu- 
mite,  forming  a  species  of  calcareous  tiofa.  The  indurated 
tufa  is  sometimes  divided  iteio  massive,  bode  by  intetfvenit^ 
iayei*s  of  l6ose  pumice  or  iaf>ili((y,  and  fragmemary^  day-slate. 

On  ascending  the  valley  of  the-  Brahl,  Ifound  this  trass 
deposit  occupying  It  to  a  great  depth  the  whole  way  from  its 
embouchure  in  the  vaHey  of  t'he  Rhine,  up  to  the  foot  of  the 
•Feitsburg,  one  of  the  bills  wfaioh  form  the  orrcumference  of 
the  lake  of  Laach  $  from  whence  thift,  as  well  as  many  other 
Mreams  (if  they  may  be  called  so)  of  tufa  are  derived. 

The  basin  of  the  lake  of  Laach  is  nearly  circular  and  ora- 
teriform,  encircled  by  a  ridge  of  gently  sloping  hills  of  no 
great  elevation.  They  are  composed  of  irregular  beds  of 
£>ose  tufa,  containing  numerous  fragments,  and  some  very 
large  blocks  of  a  vafi^ty  of  lava-^v>ck«.  Those  which  are 
most  abundant  are  of  a  basalt  with  very  im*ge  and  regular 
cryifitala  of  black  augite,  aad  of  oUtine*  Fragments  also  oc- 
cur of  trachyte,  sometimes  of  a  whitish  yellow  colour  and 
conchoidal  fracture;  at  otbiew,  of  a  coarse  grain,  consisting 
^ely  of  crystals'  of  glassy  feiapar  and  hornblende.  Some 
fragments  are  a}^  found  similar  to  those  which  are  common 
in  the  conglomerates  of  Somma,  composed  of  an  agglomera- 
tion of  crystals  of  mioa,  nepheline,  meiqnite,  Vesuvian,  and 
other  rare  minerals.  No  lava-rock  appears  in  place  wjthin 
the  interior  of  the  basing  and  on  i^  exterior,  the  only  rock  of 
this  nature  which  ^hows  itself  on  the  surface  in  the  lorra  of  a 
regular  current' of  lava,  is  that  in  which  the  millstone  quarries 
of  Nieder-mcnnig  are  worked.  This  stream  certainly  flowed 
from  the  crater  of  Laach,  the  ridge  of  which  suffers  a  depres- 
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sipn  OD  that  si(}e.  The  eruption  which  produced  it  was  prob- 
ably the  last,  not  only  of  tbfs  particular  vf ot,  but  perhaps  of 
the  whole  district,  as  its. surface  hflis  an  air  of  great  freshness, 
and  is  not  yet  entirely  clothed  with  vcgetatioiw*  The  rock 
of  which  it  consists  is  basaltic,  with  very  few  visible  crystak 
of  augite,  and  extreiDely  cellular^  <i^  cavities  being  very  small 
and  irregular*  (t  i*^  divided  int^  rude  columnsi  at  ihe  lower 
part  of  jjtie.  ctirrmM  wiiicb  is  nnicli  inore  compact  (haft  the 
upper,,  but  stlll^cellulMr•  It  is  here  so  Jiardafito  be  in  great 
request  for  millstones^  which  are  exported  to  Holland  in  great 
number^,.  qo4  ^^'9^  thence  find  their  way  U^.  Engkaad.  it  ca* 
velppes  nniTjerqius  fr/i)gment$.^f  quartz  (always^  mone  or  less 
vitrified  ijind,  cracked,)  of  graiiUe,  and  other. problematical 
rocks  likQ  tbpse  described  above,  as  occuriog  in  the  conglo- 
merate, crystals  of  lazulite,  &ic 

The  volcano  of  L^aach  .appears,  like  so  many  inother  coun- 
tries, to  bav.e  produced  at  first  trachylic,  and  afterwards  ba* 
saltic  lavas.  The  trass  and  the  pjLunice  oongloo^rates,  which 
chiefly  compose  its  surrounding  emiaences,  b^ng  decidedly 
to  the  former  cla^  of  pro<lucts  ;  ^nd,  though  trachyte,  aa  a 
rock,  does  not,  I  believe,  sboW;  itaelf  in  sHu^  it  probably  ex- 
ists, concealed  by  the  fragmentary  strata  of  the  hills,  or  .the 
thick  woods  which  cover  tneir  slopes,  and  render  it  difficult  to 
examine  their  composition.  The  orjgin  of  the  trass  has  beea 
variously  accounted  for,  and  sometimes  ascribed  to  deluges 
and  other  similar  hypothetical  events.  It  appears  to  me  to 
derive  simply  from  an  ordinaJ*y  ^modification  of  the  volcanic 
phenomena.  The  pulverulent  m?itter,.Qf  which  it  was  princi- 
pally composed,  n;iixes  into  a.  rqtentiv^  pasteor  clay  with 
water,  so  indeed,  as  to  be  used  for  making  pottery,  wbpre  it  is 
found  in  a  loose  state.  In  this  state  it  was  ejected*  by  the 
volcano,  and  thrown  up  as  usual  ipto  a  circular  of  .e^Uiptical 
ridge  around  the  orifice*  The  rain,  which  falls  g^emUy^ia 
great  abundance  aft^er  the  termination  of  an  eruption,  mixed 
with  these  trachytic  ashes,  must  often  have  formed  ai)  ioiper- 
meable  crust  at  the  I^otlom,  and  upon  the  sides  of  this  cavity. 
Hence  the  water  th.it  drains  down  these  slopes  \yould. accu- 
mulate into  a  lake  continually  increasing  in  depth,  until  either 
the  pressure  of  its  waters  breaks  down  the  banks  on  some  one 
sid«s  or  a  fresh  eruption  from  below  displaces  it.  In  either 
case,  a  breach  being  made  in  the  circumference  of  the  crater, 

♦  This  may  have  been  the  eruption  recorded  by  Tacitus  (xiii.  lib.  Akital.) 
as  having  ravaged  the  country  of  the  Juliones,  near  Cologne,  in  the  reign  of 
^ero. 
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the  contents  of  the  lake  must  rtisfi  out  in  a  violent  dAacle^ 
carrying  off  ^reat  quantities  of  the  fragmentary  matter  of  the 
hiUs  through  which  the.  water  bursts,  and  filling  vnih  these 
alluTia)  deposits  the  vellies  by  wbith  it  escapes  on  ihe  plains 
at  the  foot  of  the  Tolcano« 

This  process  may  be  mdny  times  repeated  from  the  same 
Tolcanie  orifioev  ana,  I  tbtnk,  is  without  dotkbt  the  reol'histo* 
ry  <rf  the  tvfas  of  the-  left  bank  of  the  Rhine,  as  we*H  as  of 
those  of  the  Mount-Dbr,  Cantal,  and  of  some  parts  of  Italy. 
Whether  the  mass*  hardened  afterwards  or  remained  incohe- 
rent, appears  to  have  depended  chiefly  on  iht  (jjuality  of  the 
asfaes^  and  their  intknaie  commi)EtUk*e  with  the  water.  This 
induration  is- evidently  a  chemical  process,  analogoirs  to  the 
^ettitfig  x>f  cements  and  mortars;  The  mud  eruptions  (lepetate) 
of  Quito,  and  the  tufas  of  Iceland,  are  produced  by  the  same 
train  of  circumstances  in  the  presenf  dayl  As '(he  filling  up 
of  the  crater  must  usuatly  be  a  slow  process,  a  sfrffibient  in- 
terval wUl  often  occur 'before  the  lake  bursts  through  its  sides, 
either  by  its  own  weight,  or  the  occurrence  of  an  eruption, 
for  the  sbpes  to  be  covered  by  vegetation,  and  even  by  whole 
forests  of  trees,  which,  when  the  l^nks  give  way,  will  be  hur- 
ried along,  and  buried  within  the  torrent  of  mud,  (or  liquid 
tufa,)  wliJre  they  are  afterwards  carbonized,  probably  by 
lorra;  egqposore  to  the  moisture  which  penetrates  the  whole 

With  regard  to  the  trass  of  Laach  and  its  vicinity,  this  et:- 
planation  is  peculiarly  applicable  3  and  the  lake  would,  evdn 
at  this  day,  be  suhiect  to  rise  until  it  burst  its  bankj  but  for 
an  artificia)  channel,  or  eraisj$ary,  cut  f6r  its  drainnge  b^  the 
monks  of  the  abbey  of  Laach,  a  picturesque  ruin  which  stands 
on  iis  western  side.  Currents  of  tufa*  appear  to  have  been 
discixarged  *in  tMs  mannet"  from  many;  points  of  the  circum- 
ference of  the  lake4  Those  that  issued  on  the  eastern  side 
occupied  the  valleys  of  the  Brohl,  and  other  streams  which 
emptv  tfaemsetves  into  the  Rhine  ;'the  remainder  inundated 
the  slate  plateau  in  the  direction  of  Niedermennig,  Bell,  01- 
burgh,  and  Craft,  and  covered  it  more  or  less  with  beds  of 
compact  tufa,  ivhich  alternate  with  others  of  similar  Composi- 
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^'Since  we  hesr  tbat  numerous  trees  are  found  in  a  carbonised  4UU^ 
amonga  the  siAsMnees  Mown  into  (he  afr  by  home  of  the  paroxysmal  explo- 
sions  of  the  Javaneae  and  Polyneaiaa  votcanoeSy  tt  Pemainadonbtfat  whether 
this  character  ,U  alwaya  owing,  aa  in  thia  caae»  to  forrefacUon  by  volcanic 
heat,  or  occasioaalW  to  long  maceration  in  water.  Are  these  trees  only 
charred  on  their  sartacesi  or  throughout f  like  the  surturbrand  ^ 
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tion,  but  loose  and  incoherent,  probably  deriving  from  the 
fragmentary  ejections  of  the  neighbouring  vents. 

A  cavern  within  the  basin  of  the  lake  of  Laach  gives  out  a 
considerable  volume  of  carbonic"  acid  gas,  presenting  all  the 
phenomena  of  the  Grotta  del  Cane.  There  are  also  many 
mineral  springs  in  the  vicinity,  as  at  Tonigstein,  and  near  the 
Brohl,  strongly  impregnated  with  the  same  gas,  which  is  usu- 
ally the  latest  product  of  an  otherwise  extinct  vidcana. 

At  some  distance  from  Laach^  towards  the  south-west,  and 
between  the  villages  of  Bell  and  Mayen,  rises  another  gtx>up 
of  cones,  containing  two  or  three  irregular  crateriform  basins, 
from  which  different  mud  streams  appear  to  havfe  flowed,  co- 
vering the  slate  plateau  in  their  neighbourhood  with  their  de- 
posits.  These  volcanic  vents  differ,  however,  from  that  of 
Laach,  in  having  produced  leticittc  lavas,  and,  consequently, 
their  conglomerates  are  of  a  different  character,  resembling 
exactly  the  peperino  of  Monte  Albano.  Snch  is  the  rock 
quarried  near  Bell,  and  cMed  iah^feh-stenu  It  is  in  reauest 
for  lining  ovens,  from  its  capadty  of  resistance  to  fire,  wnich 
at  owes  to  its  being  almost  wholly  composed  of  lucitc  in  a 
fragmentary  slate.  It  encloses  many  small  white  farinaceous 
leucites,  fragments  and  blocks  of  leucttic  lava,  of  burnt  clay> 
slate,  and  large  broken  plates  of  mica. 

The  Icucitjc  phonolite  spoken  of  by  Keferstein,  as  existing 
in  massive  beds  near  Reidcn  and  Meyr,  I  presume  to  derive 
from  this  system  of  vents. 

Further  to  the  south,  and  near  the  village  of  Kruft,  rise 
three  other  smaller  cones,  covered  with  vegetation,  and  with 
faint  tracers  only  of  craters.  Other  cones,  and  some  of  a  large 
45ize,  are  visible  to  the  westward  of  Olburg,  but  my  time  did 
not  permit  me  to  exatitiine  them  in  detail.  On  the  whole,  the 
volcanic  products  of ♦Andernach,  and  the  Upper  Eif&l,  seem* 
^d  to  inc  to  bear  the  greatest  analogy  to  those  of  Italy,  par- 
ticularly of  the  Campagna  di  Roma.  The  points  on  wnidi 
they  differ,  are  the  result  of  the  former  votean6es  having 
broke  forth  on  a  high  and  dry  slate  plateau,  the  latter  from 
a  submarine  alluvial  shore.  In  both  these  districts,  a%  well  as 
in  the  Campi  Phlegra;!,  it  is  remarkable  that  the  same,  or  lit 
least  verv  neighbouring  vents,  have  produced  treuJiytic,  leud- 
/tc,  and  basaltic  lavas. 

3.  Di$triat  of  the  Loner  E^L 

The  group  of  volcanic  vents  which  occupies  this  district 
is  in  immediate  contact  with  that  of  Laasch  ttoA  the  Upper 
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Eiffel,  though  the  points  on  which  eruptions  have  taken  place 
are  rather  more  thickly  sown  towards  the  western  limit,  par- 
ticularly along  the  course  of  the  river  Kylly  than  at  its  eastern 
extremity.  The  epoch  of  their  activity  appears  also  to  be 
equally  recency  dating  at.  least  since  the  formation  of  all  the 
vallies  of  the  country,  into  which  their  lava-streams  have  in- 
variably flowed,  usurping  the  beds  of  the  rivulets,  which  bul 
in  very  few  instances  seem  to  have  had  force,  or  time  enough 
to*  execute  a  new  channel,  to  any  depth  below  the  level  of 
their  former  one.  Indeed,  such  is  the  freshness  of  aspect 
which  many  of  the  volcanic  rocks  of  this  district  exhibit,  that 
it  requires  the  silence  of  ail  historical  records  on  the  subject^ 
to  persuade  us  that  they  havanot  been  produced  within  the 
last  2000  years.  Nor  is  such  evidence,  indeed,  at  all  conclu- 
sive. It  is  probable  that  accounts  of  phenomena  of  this  kind 
would  rarefy  reach  the  meridian  of  Rome  from  distant  and 
barbarous  districts,  unless  when  they  were  of  a  most  destruc- 
tive and  terrific  character,  such,  perhaps,  as  that  spoken  of  by 
Tacitus^  and  mentioned  in  a. former  page  ;  and  if  any  such  oc- 
curred)  during  the  middle  ages,  all  traditionary  account,  of 
them  may  well  be  supposed  to  have  perished  with  so  much  of 
other  and  more  valua^ble  information. 

The  volcanic  eruptions  of  the  Lower  Eiffel  have  burst 
through  the  expo^d  surface  of  the  transition  slate  formation 
on  many  points,  and  an  others  through  masses  of  floetz  strata, 
which  overlie  the  slate,  throughout  a  considerable  part  of  this 
district ;  these  latter  formations  are  red  sandstone,  shell  lime- 
stone, and  quader-sandstone.  Some  of  the  vents  have  emitted 
currents  of  augitic  lava  (basalt);  others  have  confined  them- 
selves to  the  discharge  of  fragmentary  matters.  The  latter 
principally,  and  in  some  instances  almost  entirely,  consist  of 
broken  greywacke*  sjate,  and  sandstone,  more  or  less  affected 
by  heat,  and  pulverized.  It  is  probably  owing  to  the  clayey 
nature  of  these  fragments,  when  reduced  to  great  fineness^ 
that  the  craters  of  this  country  have  nearly,  without  excep- 
tion, become  reservoirs  of  water,  or  Maare^  as  they  are  called 
by  the  natives.  Most  of  them  still  have  small  takes  or  peat- 
marshes  at  their  bottom.  Some  have  been  drained  for  the 
sake  of  cultivation ;  a  few  appear  to  have  undergone  the  same 
process  by  natural  means,  either  from  the  lake  rising  till  its 
weight  burst  through  the  banks  encircling  the  crater,  or  from 
the  slow  erosion  of  the  stream  by  which  it  discharged  itself. 
In  the  last  case,  the  sides  of  the  basin  are  cut  through  by  this 
natural  emissary,  as  is  seen,  in  the  Meerfelder  and  the  Drieser 
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maare,  as  well  as  in  those  near  Strohn  and  Walsdorf.  In  the 
other  case,  the  regularity  of  the  basin  has  been  more  or  less 
destroyed  by  the  bursting  of  its  banks,  and  considerable  de- 
posits of  trass,  or  rather  of  peperino,  have  been  formed,  evi- 
dently aggregated  by  means  of  water*  Examples  of  this  are 
met  with  in  the  remains  of  craters  near  Stiffler,  Schalkenmey- 
rener,  and  Rockeskill.  On  those  points  where  lava  has  been 
emitted  in  a  liquid  form,  a  regular  crater  is  rarely  to  be  seen ; 
at  least  at  the  soiirce  of  the  lava-current.  There  exists,  how- 
ever, always  one  or  more  such  craters  in  the  vicinity  of  this 
source,  which  a|:»pear  to  have  produced  violent  aeriform  ex- 
plosions, and  ejected  scoriae  and  ashes,  while  the  lava  was 
flowing  from  the  neighbouring  orifice*  The  force  and  rapid- 
ity of  these  explosive  discharges  of  confined  vapours,  is  at- 
tested by  the  great  size  of  the  cavities  they  have  hollowed 
out  of  the  solid  greywacke  strata.  That  of  Meerfeld,  for  in- 
stance, one  of  the  largest,  measures  above  500  feet  from  the 
surface  of  the  lake  (which  is  itself  150  feetin  depth,)  to  the 
average  height  of  the  ridge  which  encircles  it,  and  its  diame- 
ter can  fall  very  little  short  of  a  mile.  The  quantity  of  frag- 
mentary ejections  heaped  round  these  basins  is  not  at  adl 
proportionate  to  their  extent.  The  greater  part  consists  of 
slato  and  sandstone,  in  pieces  of  every  size,  and  appearing 
half-burnt,  probably  from  having  fallen  repeatedly  upon  the 
surface  of  lava  within  the  vent  whence  the  explosions  of  va- 
pour were  discharged* 

The  accompanying  sketch  of  a  map  of  part  of  this  district 
will  convoy  an  idea  of  the  relative  disposition,  and  peculiar 
characters  of  these  sites  of  volcanic  activity.  The  most 
westerly  point  on  which  any  traces  of  volcanic  eruption  are 
met  with,  is  Ormont,  where,  upon  the  wild  and  elevated  tran- 
sition plateau  of  alternating  slate  and  quartz-rock,  two  small 
cones  are  seen  to  rest.  They  are  in  contact  at  their  bases, 
and  have  neither  craters  nor  visible  lava-currents*  The  sco- 
ria and  fragments  of  which  they  are  composed  are  basaltic, 
with  much  augite  and  large  plates  of  brown  mica*  Isolated 
crystals  and  pieces  of  augite  also  occur,  some  nearly  as  large 
as  the  fist. 

At  no  great  distance  to  the  east  of  Ormont,  the  transition 
rocks  arc  concealed  by  strata  of  red  sandstone,  inclined  at  a 
high  angle,  with  an  easterly  dip.  At  the  village  of  Steffler, 
these  are  in  turn  covered  by  other  sandstone  strata,  which 
appear  to  belong  to  the  quader-sandstone :  resting  upon  these, 
to  the  south  of  the  village,  rises  a  volcanic  cone,  composed  of 
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ficoris  aad  puzzolaoai.  partly  incoherent,  partly  compacted 
into  a  peperino.  Steffl^r  ia  built  on  strata  of  this  latter  kind, 
which,  however,,  by  their  incliaati«n,  .are  proved  to  have  been 
depo^ij^ited  by  an  aUuvial  torreat  descending  from  another  hill 
N.  £•  of  the  village,  which  still  exhibits  a  large  circular  cra- 
ter on  its  si^mmit*  :.-      -  ^ 

To  theS*  E.  4^  Steffler,.lies  a.sm^)I  mcufr^  or  crater-lake, 
wb^h  ha^  beeo  once  drained,  and  ^nce  filled  Bgajn  by  a  dam 
throiw:n  apross  the  cha^jiael,  o£*  discharge,  onwhi^h  a  mill  is 
situated.  .      ,  .      ......,, 

The  vUIf^e  of  Roth  is  bujlt  on  a. current  of  ^^asalt  deriving 
f^p  the  cofie  which  rises  abpve  it,  and  whiqh.has  i>lso  einit- 
ted  a  coq^derable  ro^&s  4>f  Java  towards  tne  no^th  and  west* 
A  small  cavern,  the  poouth^ofia  d^ep  ^s^pire  in  one^  of  these 
^avarcurr^nls,  hal&w^y  up  ^le  sia^  of  the. pone,,  is  noted  for 
ezhibitin|[  a  phenomejipn,  which  .1  nave,  jnet  with  elsewhere, 
in  many  instances,.  aw>pg»t  V9lpanic  .formations*  The  floor 
of  this  grotto  was.pftved  ^ith^a  thick  cr^st  qf  ice,  when  I  vis* 
ited  it  al;  noon  on, a  jvery  hot  d;^y  ^t.lbe  |at^er  ei^d  of  August* 
During  the  suo^miei^  tfie  .ne^nt^  of  jlhe,  neighbour  hood  say  it 
i^  always. found  ihe^e,  wuiie  in  the;  wiuter  tnereis.none;^  fauta 
on  the  contrary^  th^t  the  shepherds  jcreep  into  the  cavern  fpr 
Farmth*  ,The,  following  appeai^s  to  me  the  most  plausible 
jviode  of  accounUng  for  this  curipus.faict ;  Th^  cs^ve  is  probsi- 
bly  the  mouth  of  one  of  those  arched  ga.llerie$^  which  ar^.so 
ficequentt}/:  o^et  with  under,  cui^rents  of  lava  in  Iceland,  Bouri' 
lioi>,  ana. else where*^  Jf  the.  other  extremity  of  the  gallery 
communicates  with  the  Qpei;),;iir  .at  ,a  much  lower  Jeye\  for 
instance  at  the  foot  of  the  conet,  oc  where  the,  lava  stream  terr 
minales.ia  \hp  p^aio  bebw,  ,a  current  of  air  must  be  continue 
ally  driyen  tbf oggl^  .this  pas^iage  from  the  lower  to  t,be  upper 
extremi^f. ,  Ip  its  passage^ii  wpujd  be  thoroughly  dri^  from 
the,  absprbeni^,  naluri^  of  the  rock  (which  is  perhaps  partly 
owing,  Xo  t\^  ^Iphuric  or  muriatic  acids  it  contains),  and  the 
evaporating^^pct  oifthis  current  on  the  wet  floor  of  jihe  grottq 
from  wnich  it  iss^^$,  which  is  moistened  by  some  superficial 
rill,  will  be  sufficient  to  coat  it  with  ice  in  summer,  since  the 
DM^e  j:arified  by  beat  the  ex^eri^al  air,.the  more  rapid  will  be 
the  current  of  cofol  dry  air,  and,  Cjopse^u^ntly,  the  evapora? 
lioo^  Ii^.wAnt^)  .^?>^)^^  draught , of  ajr,'  though  lessr^pid, 
will  be.  prx>c}uce4  i  and  taking  ^he  t^qaperature  of  the  rpcks 
{hroiigh  .which  it,  passes,  which,  from  the  depth  of  the.  gallery, 
^ill  be  about  the  mean  annual  temperature  of  that  climate^ 

fiost  Jour*  Aug.  if  Sept.  7B 
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must  appear  warm  compared  with  tbe  external  air,  to  tbe 
shepherds  who  seek  a  shelter  at  the  mouth  of  the  fis^ire. 

The  cone  of  Roth  connects  itself  with  a  smaller  ridgj  hitt 
prolonged  towards  the  Kyil,  wliich  has  given  rise  to  three  er 
four  small  distinct  streams  of  basaltic  lava. 

On  approaching  the  Kyll  towards  Gerolstein^  the  travelleip 
is  struck  by  the  appearance  of  an  elevated  plateau  formed  of 
Jura  limestone  in  horizontal  strata,  resting  on  tbe  quader* 
sandstoiie,  and  bounded  by  a  range  of  picturesque  and  craggy 
cliffs,  with  a  talus  of  massive  debris  at  their  base.  From  the 
surface  of  the  plateau  rise  four  large  volcanic  cones,  besides 
smaller  eminences  of  a  similar  nature.  Oite  ha:>  given  rise  to 
a  current  of  basalt,  which  descends  the  sleep  cliffy  of  lime- 
stone in  a  sort  of  cascade,  on  the  western  side,  occupies  a 
small  bottom,  'and,  winding  round  the  base  of  the  range  of 
rocks  reaches  the  channel  of  the  Kylt  at  Sarsdorf. 

The  two  largest  cones  of  this  plateau,  lie  N.  W.  of  Cassel* 
burg,  a  romantic  ruin  of  great  picturesque  beauty  about  two 
miles  N*  of  Gerolstein. 

Round  Rockeskill,  there  are  traces  of  another  aqueous  Ibi^ 
mation  of  peperino  similar  to  that  of  Steifl'er,  and  appearii^  to 
have  originated  in  the  hill  immediately  behind  that  village. 
Further  north,  the  Waldsdorler  Kopf  is  a  very  regular  cone^ 
and  at  its  foot  lies  a  cratei'^basin,  once  a  lake,  but  now  reduc* 
ed  to  a  peat^mof's.  The  cone  has  emitted  one  of  the  largest 
currf  nts  of  lava  of  this  district.  It  has  flowed  towardis  the 
west,  and  reaches  nearly  to  Hillesheim. 

Arnsberg  is  a  large  and  complete  cone,  which  has  allBO  pro- 
duced mucn  lava.  Eastward  of  Waldsdorf  lies  the  Dreiser 
Maar,  a  wide  crater,  which  has  been  artificially  drained. 
Masses  of  oKvin,  often  of  three  or  four  pounds  weighfe,  and  as 
large  as  a  man's  head,  are  found  in  the  fragmentary  strata 
which  form  the  sides  of  this  basin.  Part  of  this  encirctfog 
ridge  rises  into  a  high  cone  on  the  south-west,  and  this  is  again 
connected  with  a  third  hill  above  Dockweiler,  which  exhibits 
a  well-characterized  crater  at  its  summit,  and  has  sent  forth 

B^werful  streams  of  basaltic  lava.  The  road  from  hence  to 
aun,  leaves  on  the  right  three  or  four  considerable  cones 
near  Nerod  and  Steinborn.  They  consist  in  a  great  part  of 
lava  which  has  burst  from  their  summits  or  flanks,  ana  flood- 
ed the  lowest  levels  of  the  surrounding  plain. 

On  the  east  of  Daun,  a  massive  and  elevated  bed  of  basalt, 
bordered  by  abrupt  clifi*4ections,  in  which  a  rudely  columnar 
configuration  is  visible,  descend^  towards  the  town  froai  a 


Jhigher  emiaence  at  its  eastern  extremkj,  which  is  composed 
W  scori6ey  ami  exhibits  vestiges  of  a  crater*  This  bears  the 
appearance  of  being  the  least  receut  of  all  the  volcanic  forma- 
lions  of  the  neighbourhood. 

South  of  Dauo  rises  a  group  of  hills  which  appear,  as 
they  are  mounted,  to  be  solely  coiii posed  of  grejwacke  slate, 
and  in  which,  consequently,  no  volcanic  appearance  could  be 
anticipated,  when,  on  reaching  the  summit,  the  traveller  sud- 
tlenly  finds  himself  on  the  edge  of  a  deep  circular  lake-basin, 
evidently  drilled  through  the  greywacke  by  repeated  and 
|N>werfiU  discharges  of  subterranean  vapour.  There  are  three 
o(  these  maar  strung  together  on  a  line,  in  a  N.  S.  direction, 
and  in  immediate  contact,  the  same  ridge  forming  the  barrier 
of  two  Beigbbouring  craters.  The  fragments  of  which  the 
aurrounding  slopes  are  formed,  consist  chiefly  of  slate  pavtial- 
Jjr  calcined,  the  remainder  of  augiiic  scoriae.  A  large  rock  of 
greywacke  slate,  evidently  in  situ,  projects  from  the  bottom 
of  one  of  these  basins.  Tne  water  in  the  three  lakes  appears 
to  ataad  at  the  same  level,  and  they  probably  cooimunicate 
by  aaeans  of  some  fissures  in  the  intervening  rocks.  One 
only,  the  Schalkenonchrener  maar,  has  any  visible  outlet,  ami 
ibere  are  traces  of  trass-streams  in  that  direction. 

A  few  miles  farther  to  the  south,  the  Polvermaar  of  Oillen- 
4M,  is  met  with  :  a  magnificent  oval  basin,  presenting  exactly 
the  same  general  characters  as  those  just  described,  but  re- 
aMirkable  for  its  large  dimensions  and  extreme  regularity. 
The  ridge  of  fragmentary  matters,  which  girds  it  in,  is  with- 
-oat  a  break,  and  nearly  every  where  preserves  a  uniform  level 
aft  about  150  feet  above  the  water  surface.  The  depth  of  the 
lake  is  above  300  feet ;  the  sides  slope  in  the  inferior  at  an 
angle  of  about  45^,  on  the  exterior  of  S^\  Immediately  at 
the  foot  of  the  cone  of  the  Polvermaar^  on  the  south  side,  rises 
«a  bill  containing  a  much  smaller  crater,  with  a  peat-bog  at  its 
•bottom. 

Still  farther  south,  between  the  villages  of  Strohn  and  Tritt* 
achied,  is  a  double  cone  of  large  dimensions.  It  has  two 
considerable  craters,  both  broken  down  towards  the  N.  W* 
The  southernoiost  is  large  and  circular,  and  bottomed  by  a 
fiiorass.  .The  other  has  produced  a  current  of  basaltic  lava, 
iwbich,  after  forming  some  considerable  hummocks  in  a  N.  W. 
dtrection,  turns  its  course  along  the  bed  of  the  neighbouring 
rivulet  to  the  S.  W.  and  occupies  its  channel  to  a  wtance  of 
<ffQ  miles  or  more,  crossifijg  the  great  Col)lentz  road.' 

Bat  )unque8tiOBably  the.graup  of  volcanic  uaaftSt  wbicb  jpre- 
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spnts  the  greatest  interest  of  all  in  the  Eiffel  district,  is  the 
Mof^eberg  near  Bcttenfeld,  with  the  neighbouring  Meerfelder 
Maar.  The  Moseberg  is  one  of  the  highest  hiljs  of  the  whole 
country.  Its  base  up  to  a  considerable  elevation  above  the 
level  of  the  plain  around,  consists  of  greywacke  slate  and  red 
sandstone.  Its  summit  is  formed  by  a  triple  volcanic  cone, 
the  accumulated  ejections  of  three  small  craters,  which  remaia 
very  distinct.  The  two  most  northerly  ones  are  entire,  and 
reduced  to  the  state  of  peat-marshes.  The  third  has  been 
broken  down  on  its  south-east  side  by  a  current  of  lava,  of 
very  recent  aspect,  which,  issuing  from  the  breach,  descends 
the  slope  of  the  mount;iin  in  a  stony  flood,  until  it  reaches  the 
bed  of  a  small  river  b'elow. 

The  lava  and  scoriae  of  these  cones,  have  enveloped  a  great 
quiintity  of  half-fused  fragments  of  sandstone  and  slate.  The 
circular  crater,  called  the  Meerfelder  Maar,  is  remarkable  for 
its  vast  size  and  depth.  It  has  been  hollowed  out  of  both  the 
transition-slate  and  red  sandstone,  forming  the  north  base  of 
Moseberg  ;  and  the  steep  walls  which  encircle  it,  exhibit,  on 
many  points,  the  abrupt  sections  of  these  rocks,  which  are 
only  partially  covered  by  a  sprinkling  of  ashes,  puzzolana, 
pulverized  slate,  and  other  fragmentary  matter.  The  bottom 
of  this  cavity  is  occupied  by  water  to  about  a  third  of  its  su- 
perficial extent;  the  remaiuder  is  a  plain,  on  which  the  village 
of  Meerfeld  is  seated. 

The  most  southerly  point  of  this  district,  on  which  volcanic 
products  have  been  met  with,  is' the  vicinity  of  the  baths  of 
Bertrich,  a  village  seated  at  the  bottom  of  the  deep  and  nar- 
row mountain  gorge  of  the  river  Isbach,  which  flows  at  the 
distance  of  a  few  miles  into  the  Moselle. 

Here  a  lava,  which  has  congealed  into  an  exceedingly  hard, 
tough,  and  compact  basalt,  full  of  crystals  of  olivin  and  augite, 
appears  to  have  been  emitted  from  clefts  in  the  greywacke,  on 
three  or  four  neighbouring  points,  u))on  the  very  brink  of  the 
steep  slope,  or  rather  precipice,  which  forms  the  northern 
flank  of  the  valley.  Very  few  aeriform  explosions  seem  to 
have  taken  place,  since  scarcely  any  scoriae  were  ejected,  and 
the  few  that  occur  lie  in  beds  upon  the  surface  of  the  lava, 
around  its  three  principal  sources,  and  were  therefore  thrown 
up  qfier  its  emission.  At  each  of  these  points  is  a  very  small 
cone.  The  most  easterly,  called  the  Fackerkohl,  has  an  evi- 
dent crater  encircled  by  rocks  of  basalt  covered  by  scori«. 
From  hence  a  stream  of  basalt  may  be  traced  uninterruptedly 
into  the  bottom  of  the  valley,  (which  is  here  about  600  feet 
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in  depth,)  falling  in  a  sort  of  indurated  cascade  over  the  almost 
perpendicular  ciifTs  of  transition  slate* 

The  next  cone,  called  Falkenlay,  consists  of  a  mass  of  ba-* 
salt  covered  by  a  deep  bed  of  scorise,  and  also  gives  rise  to  a 
copious  current  of  basalt,  which  descends  into,  and  has  usurp- 
ed the  channel  of  the  Isbach  to  some  distance,  both  up  and 
down  the  stream.  The  third  point  of  eruption  presents  two 
very  low  and  small  cones,  formed  entirely  of  scoriform  basalt, 
and  appears  to  have  produced  a  current  of  no  great  magni<^ 
tude,  which  may  be  traced  at  least  part  of  the  way  down  the 
nearest  ravine  into  the  main  valley  below. 

The  exceeding  crispness  of  the  scoriae  of  this  locality,  par-* 
ticularly  of  the  Falkenlay,  is  remarkable.  Fragments  of  grey- 
wacke,  grey  wacKe  slate,  and  quartz,  partly  fused,  and  gradu- 
ating on  these  parts  into  the  basalt,  are  enclosed  in  great 
abundance  by  ttiis  scoriform  lava  rock. 

At  the  bottom  of  the  valley  it  becomes  evident  that  the 
mountain  torrent  called  the  Isbach  has  cut  through  and  car* 
ried  off  the  greater  part  of  the  basalt  streams  wh.ch  once  fill* 
ed  its  channel  to  a  considerable  height,  throughout  an  extent 
of  more  than  a  mile  above,  and  rather  less  than  this  below 
the  village  of  Berlrich.  Patches  only  of  basalt  are  left  now 
on  either  side  of  the  present  bed  of  the  river,  and  most  usual- 
ly in  the  concave  elbows  of  the  valley,  but  of  these  some 
present  cliffs  fifty  feet  in  heigut.  The  lower  part  of  these 
masses  of  basalt  is  regularly  columnar,  the  columns  being 
divided  by  frequent  joints,  from  two  feet  to  six  inches  apart. 
Where  they  have  been  long  exposed  to  erosion  from  the  tor^ 
rent,  the  angles  of  these  short  prisms  vielding  sooner  than  the 
nucleus,  the  columns  appear  formed  of  rude  and  flattened 
spheroids  piled  upon  one  another.  This  is,  in  short,  afi  ex- 
ample of  the  columnar  divisionary  structure  passing  into  the 
globular,  by  the  increase  of  the  number  of  joints.  An  arched 
passage,  which  goes  by  the  borrowed  name  of  FingaPs  Cave, 
nearly  a  mile  above  Bertrich,  exhibits  this  structure  in  the 
most  perfect  manner.  It  has  evidently  once  formed  the  chan- 
nel of  the  little  torrent  which  now  runs  on  one  side  of  it,  and 
which  has  thus  partly  worn  away  the  columns,  till  they  are 
reduced  to  mere  piles  of  balls. 

The  eruptions  of  these  three  or  four  contieoous  vents  were 
probably  simultaneous,  or  very  nearly  so.  The  lava  streams 
produced  by  them  can  be,  with  diflSculty,  distinguished  from 
each  other,  all  uniting  in  the  valley  below,  and  the  basalt  of 
all  b  identical  in  mineral  character.    It  seems  probable  that 


/ 

ihe  iberaftBl  spring  «f  BertrklbtiQd  ow«  tbeir  warmth  to  bav^ 
ing  percolated  through  some  mass  «f  lava  not  yet  quite  cooled 
in  the  interior  of  the  schist  i^ecks,  occupykie  perhaps  the  pro- 
longation of  the  dssures  through  which  the  lava  streaoifi  were 
expelled*  It  may  l)e  presumed,  indeed^  that  the  teiBperatiire 
of  these  springs  is  diminishing  in  oo»sei(uence  ef  ihe  gradual 
oooling'of  this  mass.  It  is  at  present  below  blood  heat,  but 
appears  by  its  ancient  oelebrity»  to  have  been  foriserly  much 
higher.  Since  the  year  1773,  k  has  tiot,  I  b^^lieve,  been  ana- 
lyzed. If  the  taste  is  to  be  trusted  io,  it  has  now  few  or  no 
mineral  ingredients.  The  savour  is^  ^at  nearly  aa  poaail:^ 
that  of  pure  feuMtain  water. 

I  •cannot  quit  this  spot  withovit  oientioning  that  the  beau^ 
of  the  scenery  <Mi  the  banks  of  the  Moaelle,  aouth  of  Bertrich, 
and  indeed  along  its  whole  /course  through  the  transition  slate 
formation  between  Treves  amd  Oohlentz,  is  scarcely  to  be 
mraflided  by  the  &r  more  known  and  vaunted  beauties  of  the 
Khine,  even  on  its  «ioat  pictyresqae  f»arts.  The  w«ot  of  « 
post^road  along  its  bsmks,  and  ihe  >ntMBterous  windings  of  its 
tsourse,  which  renders  its  navieaiton  tediouS)  has  ^alone  pre- 
veAled  the  charas  of  ithe  Moadle  froai  sharing  the  oalebrity 
af  its  more  travelled  neighbour.  In  a  geological  view  tUa 
-river  is  «ioit  devoid  of  mterest.  hs  valley  is  worn  across  the 
nviiele  transition  alate  district  in  a  direction  >ti3ansveroe  to  thalt 
t)f  the  stratiication.  The  sinuosities  which  have  been  «oca- 
lioned  by  this  ctrcumatamce  are  so  extreme,  that  in  «oa>e  in- 
stances, as  near  Zell,  the  river  returns  to  within  a  few  han- 
-dred  yards  of  a  .poini  it  left  sixteen  miles  behind^  acoordii^ 
to  the  course  of  its  current.  Sach  windings  are  -not  tmcoaft- 
inon  :among  rivers  meandering  abwly  through  iat  aUuvisJ 
plains;  but  in  a  rocky  mountain  district,  where  the  banks  rise 
iMeeply  to  a  height  of  13  or  -500  feet  above  the  river,  they 
«re  more  remarkable.  In  either  case  they  are  wholly  incom- 
Mtihle  with  the  notion  of  a  rapid  and  powerful  exoavatiaf 
lorce,  9uch  as  a  debacle  or  deluge,  and  can  only  be  referred 
10  the  slow  and  gradual  erosion  (^  the  river  itsel/,  which  iayet 
icontinuPing  to  deepen  its  bed,  and  to  hollow  out  still  further 
ihe  concave  elbows  of  its  valley,  by  the  double.  acMn  of  its 
vertical  vtuil  lateral  abrasive  force,  irfthe  vuileyioT  the  Slo* 
^elle  is  thus  incontestably  shown  to  -bavie  been  excavaied  by 
l;be  slow  agency  of  causes  similar  to  those  still  in  operatioA, 
*vrhj  should  we  look  for  another  and  hypothedcal  agootloac* 
>Co>  nt  for  th^t  of  the  neighbouring  Rhine,  the  dimemioos 'of 
which  are  greater  only  in  propoitioAto  the.gnsatar  Aoaa^f  ks 


waters,  and  the  different  solidity  of  the  rocks  through  which 
it  has  worn  its  channel,  1  need  nat  carry  on  the  argument 
from  the  Rhine  to  other  rivers.  All  this  is  in  fact  a  digre&- 
mo,  and  out  of  place,  for  which  I  am  hound  dMly  to  apologize. 
Having  now  given  a  brief  sketch  of  the  prnneipa)  volcanic 

roducts  of  th«  Eiffel,  1  need  noi  prolong  thds  paper,  already, 
fear,  swelled  beyond  its  profier  limits.  The're  occur  a  few^ 
other  vents  in  the  vicinity  of  Ulmen,  Kellberg,  A,dena«>,  and 
fioos,  which  form  the  connecting  links  betweeir  this  district 
and  that  of  Andernach*  Some  of  thes«  I  dkl  not  visit,  but 
from  those  which  I  saw,  as  well  as  from  Steinenger's  account 
of  the  others,  they  appear  to  be  mere  repetitions  of  the  least 
interesting  of  the  cones  and  maare  already  mentioned. 

Upon  the  whole,  though  the  vestiges  of  volcanic  phenome- 
iia  to  be  observed  in  the  Pru>sian  provinces  on  this  side  of 
the  Rhine,  offer,  without  doubt,  a  highly  interesting  field  of 
9tudy  to  the  geologist,  yet  they  cannot  be  recommended  as 
types  of  volcanic  formations  to  those  who^  without  visiting 
other  more  distant  vents  of  subterranean  energy,,  either  active 
or  extinct,  might  seek,  in  the  short  tour  between  Spa  and  Co- 
blentz,  to  acquire  a  general  knowledge  of  the  effects  of  thi^ 
class  of  natural  agents.  In  this  view,  as  in  every  other,  tbejc 
are  far  less  instructive  than  the  analogous  formations  of  Au^ 
vergpe,  the  Velay,  and  Vivarias,  where  almost  every  possible 
modification  of  the  volcanic  phenomena  is  to  be  clearly  traced^ 
and  on  a  much  larger  scale*  In  the  Rhine  districts,  there  is 
a  comparative  littleness,  and  an  appearance  as  if  the  volcanic 
energy  had  been  damped  and  impeded  by  the  mass  of  tran* 
sitlon  and  secondary  strata  which  it  had  to  pierce,  and  stilt 
more  so  perhaps  by  the  fragile  nature  of  the  £rey  wacke  slate^ 
which,  shattered  and  pufverizcd  by  the  first  few  aeriform  ex- 
plosions of  every  eruption,  would  accumulate  in  prodigiovis 
volumes  above  and  within  the  vent,  and  speedily  stifle  its  fur- 
ther activity.  The  same  circumstance  will  account  both  for 
the  general  paucity  of  lava  produced  by  these  volcanoes,,  and 
for  the  numerous  deep  and  wide  craters,  the  formation  of 
which,  by  the  rapid  and  explosive  discharge  of  subterranean 
vapour^  will,  it  is  evident,  have  been  facilitated  in  proportion 
to  the  fragility  and  incoherence  of  the  superficial  rock. 
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Art.  lAW^r^Jnsiructions  for  Colkcting  Geolt^cal  Spmrnens.^ 

It  so  often  happens  that  specimens  sent  from  distant  places^ 
by  persons  unpractised  in  geologj,  fail  to  give  the  instruction 
ivhich  is  intended,  from  the  want  of  attention  to  a  few  neces- 
sary precautions^  that  the  following  directions  may  perhaps 
be  useful  to  some  of  those,  into  whose  hands  these  pages  are 
likely  to  falK  It  will  be  sufficient  to  premise,  that  two  of  the 
principal,  objects  of  geological  inquiry,  are,  to  determine, — 
1st,  the  nature  of  the  MiHtrials  of  which  the  earth  is  compos- 
ed; and,  ^idly,  the  relaive  Order  in  which  these  inaterials 
are  disposed  with  respect  to  each  other. 

1.  Specimens  of  rocks  ought  not,  in  general,  to  be  taken 
from  loose  pieces^  but  from  large  masses  in  tj^eir  native  place, 
or  which  have  recently  fallen  from  their  natural  siCuatjon, 

3*  The  specimens  should  consist  of  the  stone  anchanged 
by  exposure  to  the  elemeats,  whicji  sometimes  alter  the  cha- 
racters to  a  considerable  distc^nce-  from  the  surface^ — Petri- 
factions, however,  are  often  best  distinguishable  in  masses 
somewhat  decomposed ;  a^d  are  thus  even  rendered  visible, 
in  many  cases,  where  no  trace  of  any  orgariized  body  can 
be  discerned  in  the  recent  fracture. 

3«  The  specimens  ought  not  to  be  too  smalL-^A.  conve- 
nient size  is  about  three  inches  square,  and  about  three- 
quartei*s  of  an  inch,  or  less,  in  thickness* 

4.  It  seldom  bappens  that  large  masses,,  even  of  the  same 
kind  of  rock,  afe  uniform  throughout  any  considefable  space; 
so  that  the  general  character  is  collected^  by  geoldgists  who 
ex^^mine  rocks  in  their  native  places,  from  tbe*  average  of -an 
extensive  surface: — a  collection  ought  therefore  to  fiimish 
specimens  pf  the  most  characteristic  varieties  ;««^and  the 
most  splendid  spt^^imene  are^  in  gm^ral^  noi  the  most  insin$i> 
tive.  Where  several  specimens  are  taken  from  the  same 
place,  a  series  of  numbers  should  be  added  to  the  note  of 
their  locality. 

5*  One  of  the  mast  advantageous  situations  fop  obtaining 
specimens,  and  examining  the  relations  of  rocks,  is  in  the 
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*  Extrneied  from  **  An  Account  of  some  Geolo^al  Specfmens  from  tlie 

Co«8tB  of  Attftralit.    By  Wm.  Heniy  Fitton,  M.  D ,  T.  K.  a^  V.  P. «.  S.,  Ice. 

From  the  Appendix  to  the  *  Narrative  of  a  Sorvev  of  Iha  Inter-traoieal 

and  Western  Coasts  of  Australia/  kc.,  by  Captain  Phiiip  Psrk^r  ]C|ii|t»  n.  3*> 

>ol.  II.  p.  666,  «to."  *  ^  ^     ^ 
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sections  afibrded  bj  cliffs  on  the  sea-shore ;  especially  after 
recent  falls  of  large  masses.  It  commonly  happens  that  the 
beds  thus  exposed  are  more  or  less  inclinea  ;  and  in  this  case, 
if  anj  of  them  be  inaccessible  at  a  particular  point,  the  de- 
cline of  the  strata  will  ft*equently  enable  the  collector  to 
supply  himself  with  the  specimens  he  wishes  for,  within  a 
short  distance.  Thus,  in  the  subjoined  sketch,  (PI.  UK 
Fig-  7,)  which  may  be  supposed  to  represent  a  cliff  of  con- 
siderable height, — the  observer  being  situated  at  a,  the  beds 
&,  c,  d,  thoueh  inaccessible  at  that  place,  may  be  examined 
with  case  ana  security,  where  they  successively  come  down 
to  the  shore,  at  6^,  (/,  and  d\ 

6.  To  examine  the  interior  of  an  unknown  country,  more 
skill  and  practice  are  required :  the  rocks  being  generally 
concealed  by  the  soil,  accumulations  of  sand,  gravel,  &c.,  and 
by  the  vegetation  of  the  surface.  But  the  strata  are  com- 
monly disclosed  in  the  sides  of  ravines, — in  the  beds  of 
rivers  and  mountain  streams ;  and  these,  especially  where 
they  cross  the  direction  of  the  strata,  may  be  made,  by  care- 
ful examination,  to  afford  instructive  sections. 

7.  Among  the  occasional  components  of  the  strata,  the 
remains  of  organized  bodies, — shells,  corals,  and  other  zoo- 
phytes,— the  bones  and  teeth  of  animals, — fossil  wood,  and 
the  impressions  of  vegetable  stems,  roots,  or  leaves,  be.,  are 
of  the  greatest  importance;  affording  generally  the  most 
marked  characters  of  the  beds  in  which  they  occur. — ^These 
should,  therefore,  be  particularly  sought  after,  and  their  rela- 
tive abundance  or  rarity  in  different  situations  noticed.  The 
petrified  bodies  should,  if  possible,  be  kept  united  with  por- 
tions of  the  rock  or  matrix  in  which  they  are  found ;  and 
where  they  are  numerous, — in  sand,  clay,  or  any  moist  or 
friable  matrix, — it  is  in  general  better  to  retain  a  large  por- 
tion of  the  whole  mass,  to  be  examined  afterwards,  than  to 
attempt  their  separation  at  the  time  of  collecting. 

8.  The  loose  materials  which  are  found  alK^ve  the  solid 
rocks,  in  the  form  of  gravel,  silt,  rolled  pebbles,  &c.,  should 
be  carefully  distinguished  from  the  solid  strata  upon  which 
they  rest.  And  the  more  ancient  of  these  loose  materials, 
found  on  the  sides  or  summits  of  hills,  8z;c.  should  be  distin* 
guished  from  the  recent  mud,  sand,  and  gravel,  brought  down 
by  land-floods,  or  by  rivers.  The  bones  and  teeth  of  animals 
are  not  unfrequently  found  in  the  more  ancient  gravel ;  and 
the  collection  of  these  remains  from  distant  quarters  of  the 
globe,  is  an  object  of  the  greatest  interest  to  geology. 

Bost.  Jour.  Jiug.  ^  Sept.  1826.  74 
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9*  Besides  a  dote  of  the  totality,  there  ougbt,^  If  posftible, 
to  accompany  every  specimen,  a  snort  notice  of  its  geological 
circumstances;  as-^ 

Whether  it  be  found  in  large  shapeless  masses,  or  in  strata? 

If  in  straia,-*-what  are  the  thickness,  inclination  to  the  hori- 
zon, and  direction  with  respect  to  the  compass,  of  the 
beds? — {If  these  cannot  be  measured,  an  e«(«iia/e  should 
always  be  recorded,  while  the  objects  are  in  view.] — 
Are  they  uniform  in  dip  and  direction  f-^-^urved?  or 
contorted  ?-r-continuou8,  or  interrupted  by  fissures  or 
veins? 

Is  the  whole  cliff,  or  mass  of  strata  in  sight,  of  uniform  com- 
position ?---or  does  it  consist  of  different  kinds  of  stone  ? 

If  the  strata  be  different, — what  is  the  order  in  which  they 
are  placed  above  each  other  successively  ? 

10.  A  labels  distinctly  written,  should  accompany  every 
specimen,  stating  its  native  place,  it^  relative  situation,  &c., 
&c.  And  these  labels  should  be  connected  with  the  speci- 
mens immediately,  on  the  spot  where  they  are  found.* — 
This  injunction  may  appear  to  be  superfluous ;  but  so  much 
valuable  information  has  been  lost  to  geology  from  the  ne* 
^lect  of  it,  that  every  observer  of  experience  wiU  acknowledge 
its  necessity ;  and  it  is,  perhaps,,  in  practice  one  of  the  most 
difficult  to  adhere  to. 

11.  A  f fee^cA  of  a  const  or  cliff,  however  slight,  frequently 
conveys  more  information  respecting  the  disposition  and  rela- 
tions of  rocks,  than  a  long  memorandum*  If  numbers,  denot- 
ing the  situation  of  the  specimens  collected,  bo  marked  upon 
such  sketches,  much  time  may  be  saved  at  the  momeqt  of 
collecting.  But  in  all  such  cases,  the  memorandum  should 
be  looked  over  soon  afterwards,  and  labels  distinctly  explain- 
inff  their  situation,  &c.,  be  attached  to  the  specimens  them- 
selves. 

12.  The  specimens  should  be  so  packed,  that  the  surfaces 
may  be  defended  from  exposure  to  air,  moisture,  and  fric- 
tion :  for  which  purpose,  if  strong  paper  cannot  be  obtained, 
dry  moss,  or  straw,  or  leaves,  may  be  employed*  Where 
paper  is  used  for  wrapping  the  specimens,  they  are  best  se- 
cured by  fastening  the  envelope  with  sealing-wax. 

Lastly,  The  collector  must  not  be  discouragedi  not  be^pre. 

*  It  is  useful  to  mark  on  the  labels  the  day,  and  even  the  hour,  when  eack 
Bpeoimen  is  collected.  This,  with  a  corresponding  note  in  the  memoran- 
dum-book, wiU  be  found  to  assist  the  memory,  and  prevent  confusion. 
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vented  from  collecting,  by  finding  that  the  place  which  he 
may  chance  to  visit  in  a  remote  situation^  has  not  a  striking 
appearance,  or  the  rocks  within  his  view  a  very  interesting 
cnaracter ;  since  it  frequently,  and  even  commonly,  happens, 
that  facts  and  specimens,  in  themselves  of  very  little  impcMt- 
ance,  become  valuable  by  subsequent  comparison ;  so  that 
scarcely  any  observation,  if  recorded  with  accuracy,  will  be 
thrown  away. 

The  Instruments  required  by  the  geological  traveller  will 
vary,  according  to  the,  acquirements  and  specific  objects  of 
the  individual.    The  most  essential  are  : — 

The.  Hammer  ;  which,  for  general  purposes  may  be  of  the 
form  represented,  (PL  III,  Fiff.  6).  Tne  head  should, be 
of  steel  well  tempered,  about  four  inches  from  the  face  to 
the  edge,  and  1  {  inch  square  in  the  middle  j  the  face  flat,*  and 
square,  or  nearly  so ;  the  edge  placed  in  the  direction  of  the 
handle.  The  orifice  for  the  insertion  of  the  handle,  oval,  a 
very  little  wider  on  the  outer  side  (ban  within ;  its  diameters, 
about  1  inch  vertically,  and  tV  sicross ;  the  centre  somewhat 
more  than,  |  inch  from  the  face.  The  handle  should  be  of 
ash,  or  other  tough  wood ;  not  less  than  16  inches  long  9  fitting 
tight  into  the  head  at  its  insertion,  without  a  shoulder ;  and  in> 
.creasing  a  little  in  size  towards  the  end  remote  from  the  head, 
to  prevent  its  slipping. — It  should  be  fixed  in  the  head  by 
means'of  a  thin,  oarbed  iron  wedge. 

For  trimming  specimens,  smaller  hammers  may  be  em- 
ployed:— -The  form  of  the  head,  recommended  for  this  pur- 
pose by  Dr  M'Culloch,t  is  rectangular.  The  dimensions  of 
the  face  may  be  1  Inch  bv  1 5  the  height  2 J.  (PI.  Ill,  Fig.  5). 

It  will  be  expedient  to  have  always  some  hammers,  ^r  at 
least  the  iieads,)  of  different  sizes,  in  reserve. 

A  small  miner's  pick  is  useful  for  cutting  out,  and  splitting 
portions  of  slaty  rocks ;  or  for  obtaining  specimens  of  clays,  &c« 

A  small  sione-eutter^s  chisel. — A  chisel  with  a  handle,  of 
the  form  here  represented,  will  often  save  the  hand  of  an  in- 
expert collector,  and  better  enable  him  to  direct  his  blow. 
(PI.  Ill,  Fig.  4). 

For  Packing  the  Spedmens^-'^k  stock  <9f  strong  paper.  SeaU 
if^-wax.  Writir^-paper^  cut  into  labels.  Thick  gum-water^  to 
cement  the  labels  to  the  specimens. 


*  A  TOttD^ed  head  is  most  durable.    W. 

t "  On  t/u/9rmt  of  Minerahgifial  Bamnurj."   Quart,  /©qr.  ▼©!.  xi.  1821, 

p.  li  kc. 
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For  the  Conveyance  of  specimtns.-^A.  large  bc^  of  leaAtr^ 
with  straps  for  the  shoulders.  Strong  canvass  bags,  ofsmalUr 
size,  are  very  convenient  for  subdivieion  and  arrangement* — 
For  the  protection  of  crystals,  or  delicate  petrifactions,  &c. 
wool  or  cotton  are  necessary ;  and  small  wooden  boxes  (like 
those  used  for  holding  wafers)  are  sometimes  required.  For 
distant  carriage,  strong  wooden  bosses,  casks,  or  baskets. 

The  following  are  cither  essential,  or  useful  in  various  de- 
grees, for  obtaining  and  recording  observations- 

Pocket  Memorandum-Bodes,  of  sufficient  size  to  admit 
sketches. 

A  Pocket  Compass*^ 

A  Measuring'tape,  of  fifty  feet,  or  more. 

A  Telescope. 

A  Camera  Lutida. 

A  Box  of  Colours. 

The  best  Maps  should  always  be  sought  for : — ^And,  the 
true  economy  to  the  traveller  being  that  which  saves  time, 
it  is  best  to  mark,  or  even  to  colour  the  map,  in  the  field. 
Notes  inserted  on  imperfect  maps,  or  deduced  afterwards  from 
memoranda,  are  less  authentic ;  and  the  process  is  frequently 
neelectecl. 

Portable-Barometers,  with  detached  thermometers,  arc  de* 
sirable ;  and  the  best  instruments  are  ultimately  the  cheapest. 
But,  unfortunately,  barometers  of  every  construction  are  very 
easily  damaged  or  deranged.^— Minute  accuracy,  however,  In 
the  determination  of  heights,  though  very  interesting  to 
physical  geography,  is  comparatively  of  little  importance  to 
the  geologist. 

If  the  collector  be  a  surveyor,  he  will  know  best  to  what 
purposes  a  Pocket  Sextant,  or  a  small  Theodolite,  is  applicable : 
— the  measuremetit  of  distances,-— of  heights*--HJmd  of  the  in- 
clination of  strata,  &c. 


Art.  LIV.— Ste/cfc  of  the  Mineralogy  of  Oay  Head,  and  of 
Bird  Island,  with  a  Description  of  a  large  Sun  Fish,  cau^ 
m  Viruyard  Sound*  [Extracted  from  a  Letter  from  General 
H.  A.  S.  Dearborn,  to  one  of  the  Editors.] 

Djiab  Sir, 

Having  recently  visited  Gay  Head,  a  southwestern 
promontory  of  the  island  of  Martha^  Vineyard,  and  one  of 

^  ■■■■■■  ^•^tm^.m  m  »  iJJj.iiijii  11  II  !■  PI  1. 

*  A  cUnometefi  tools  for  drllliiig,  a  t$ppsr  primiag  wteiand  gonp^ir* 
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the  most  remarkable  and  interesting  geological  iocalitie$  in 
New  England,  I  send  you  specimens  of  the  minerals  which 
were  collected. 

The  front  of  the  cliJOf  has  an  altitude  of  about  one  hundred 
and  fifty  feet,  with  ^  base  of  near  four  hundred  yards.  The 
strata  of  red,  blue, yellow,  grey,  and. white  clays,  and  ochres, 
white  siliceous  sand,  .mingled  with  a  small,  portion  of  pipe 
clay,  ferruginous  stones,  ores  of  Iron^  bituminous  wood  and 
coal,  have  a  dip  to  the  northeast  of  between  40  and  50  de- 
grees* 

These  strata  are  from  ten  to  twenty  feet  thick,  each  con- 
taining, either  in  distinct  masses,  or  admijUure^  of  several, 
and  sometimes  of  all,  the  various  substances,  above  named ; 
and  are  covered  from  five  to  twenty  feet,  with  sand,  gravel, 
rolled  pieces  of  quartz  and  boulders  of  granite  and  sienite^ 
from  small  pebbles,  to  masses  of  hundreds  of  tons'  weight. 

The  boulders,  of  the  larger  size,  generally  appear  above 
the  surface  of  the  ground,  but  many  of  them  are  entii*ely 
buried  in  the  gravel  and  sand. 

The  base  of  the  cliff  being  constantly  abraded  by  the 
waves  of  the  ocean,  which  roll  in. upon  the  beach,  with  tre- 
mendous violence,  during  heavy  gales  of  wind,  the  superin- 
cumbent masses  of  clay  and  stones  are  constantly  tumbling 
down,  and  the  former  gradually  liquifying,  is  swept  away  by 
the  receding  tide,  ajad  leaves  the  shore  covered  with  gravel 
and  large  stones,  which  formerly  rested  upon  the  siir^ce  of 
the  peninsula ;  while  the  transverse  section  of  the  variegated 
strata  of  clay,  sand,  and  bituminous  wood  and  coal,  are  per- 
fectly exposed  on  nearly  a  perpendicular  precipice,,  and  have 
given  to  this  remarkabe  headland  its  very  appropriate  cogno- 
men. 

At  the  eastern  base  of  Mount  Pleasant,— the  highest  land 
in  the  island,-— distant  four  or  five  miles,  in  a  jjortn-easterly 
direction,  from  Gay  Head,  shafts  have  been  recently  sunk, 
thirty  or  forty  feet,  and  white  clay  of  a  superior  quality  ob- 
tained. Large  quantities  are  sent  to  Salem,  Boston,  New 
York,  and  other  places,  for  the  alum  manufactories, — to  be 
made  into  fire-proof  bricks,-^for  the  flass  houses,  and  vari- 
ous other  purposes.  Formerly  the  Salem  Chemical  Labora- 
tory was  furnished  with  clay  from  Gay  Head,  and  over  six 
hundred  tons  were  annually  exported  from  thence,  which 
cost,  delivered  on  board  the  vessels,  three  dollars  per  ton. 
The  beds  are  no  longer  wrought,  and  the  Indians  who  were 
employed  in  collecting  the  purest  kinds  of  white  clay,  are 
Qow  at  work  in  the  shafts^  near  Mount  Pleasant. 
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Clay  appears  in  the  north-western  bank  of  Martha's  Vine- 
yard)  at  several  places  between  Gay  Head  and  Holme's 
Hole,  and  the  superincumbent  stratum  is  similar  to  that, 
which  has  been  described,  in  the  vicinity  of  the  former  place. 

It  is  evident  that  the  deposition  of  sand,  gravel,  and  bould- 
ers, which  rests  upon  the  clay  formation,  was  made  by  8o.ne 
great  convulsion,  or  mighty  ifood,  subsequently  to  that,  which 
buried  the  primitive  forests  under  its  loft^  strata,  as  there  are 
none  of  the  granitic  boulders  imbedded  m  them. 

There  are  many  thin  strata  of  ferruginous  stones,  various 
ores  of  iron  and  arsenic,  traversing  those  of  clay,  at  Gay 
Head ;  and  in  one  of  them,  about  twenty  feet  below  the  sur- 
face, are  imbedded  many  bones,  apparently  of  whales,  sharks, 
and  other  fish, — some  of  which  are  mineralized,  but  others 
still  remain  unchanged.  Sharks'  teeth  of  the  size  represented 
PI.  Ill,  fig.  2, 3,  are  also  met  with** 

There  are  between  two  and  three  hundred  Indians  on 
Martha's  Vineyard,  who  own  about  twenty-five  hundred  acres 
of  land,  including  the  peninsula,  at  the  south-western  end  of 
the  island,  whose  extremity  is  Gay  Head.  Their  small  and 
comfortless  huts  are  not  collected  into  villages,  but  scattered 
over  the  whole  area  of  their  sterile  domain.  Tbev  raise  a 
little  corn,  some  vegetables,  keep  a  few  cows  and  sheep,  but 
depend  chiefly  upon  fishing  and  digging  white  clay  for  a  sup- 
port. Some  of  the  voung  men  go  '^  a  whaling*^  from  Nan- 
tucket and  New  Bedford,  and  make  expert  harpooners,  and 
a  few  of  them  enter  the  merchant  service. 

From  the  best  information  I  could  obtain,  the  number  is 
rapidly  diminishing,  from  intemperance  and  poverty.  The 
deaths  amone  the  children  are  much  greater,  than  in  the  same 
number  of  white  people. 

Although  they  have  continued  upon  the  soil  of  their  ances- 
tors, and  retained  many  of  their  native  habits,  they  have  no 
chiefs,  or  form  of  government ;  but  what  is  most  remarkable, 
they  have  entirely  lost  their  aboriginal  language,  and  speak 
only  English.  The  period  of  their  extinction  can  not  be 
^listant. 

Upon  visiting  the  light  house  on  Bird  Island,  at  the  north- 
ern extremity  of  Buzzard's  Bay,  Mr  Moore,  the  keeper,  gave 
me  specimens  of  a  metallic  substance,  which  has  the  appear- 
ance of  iron  ore,  and  is  attracted  by  the  magnet ;  still  he  ob- 
served, that  with  the  usual  tests  there  were  no  indications  of 
that  metal ;  and  having  paid  considerable  attention  to  chem- 

*  And  cttfts  of  a  apecies  of  Veniu.  PL  III.  Ag.  1.    W. 
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istry  and  mineralogy,  he  thought  it  possible,  that  it  might  be 
columbium.* 

Mr  Moore  first  noticed  this  ore  among  the  sand,  on  the 
beach,  and  afterwards  detected  it  in  several  of  the  granitic 
masses  of  rocks  which  are  scattered  over  the  shores  of  the 
island,  and  extend  a  considerable  distance  into  the  bay. 

On  my  return  from  the  Vineyard  Sound,  being  becalmed, 
off  Chatham,  an  uncommon  fish  was  discovered,  near  the 
cutter ;  I  immediately  went  in  pursuit  in  the  boat,  and  suc- 
ceeded in  harpooning  it.  One  of  the  lieutenants  and  a  sea- 
man, who  haa  made  several  whaling  voyages  in  the  Pacific 
Ocean,  recognized  it,  as  a  Sun  Fish, — the  Tetraoden  Mola  of 
Linnseus. 

I  made  the  accompanying  sketch  of  it,  (PI.  Ill,  fig.  2). 
Length,  4  feet  1  inch.  Width,  2  feet  2  inches*  Len^h  of 
dorsal  fin,  20|  inches.  Length  of  anal  fin,  1 9  inches.  Width 
of  dorsal  and  anal  fins,  9  inches.  Length  of  pectoral  fins,  6^ 
inches.  Breadth  of  pectoral  fins,  7  incfaes.  Estimated  weight, 
200  lbs. 

The  following  description  by  Willoughby,  in  his  His.  Pise, 
of  this  remarkable  fish,  is  generally  correct. 

"  Sun-Fish, — Mola, — the  Tetraoden  Mola  of  Linnaeus,  and 
a  species  of  ostracian,  in  the  Artedian  system  in  Ichthyology ; 
a  fish  of  a  very  singular  figure. 

^'  Its  body  is  broad  and  short,  and  its  hinder  extremity  is 
terminated  by  a  singular  fin  which  serves  it  for  a  tail ;  so  that 
it  looks  like  the  head  of  a  large  fish  severed  from  its  body ; 
it  is  frequently  of  two  feet  in  length,  and  sometimes  very 
much  exceeds  that  size,  growing  to  even  two  hundred  weight. 
It  has  no  scales,  but  is  covered  with  a  hard,  harsh,  and  rough 
skin.  Its  back  is  black  and  its  belly  white  -,  the  sides,  are 
of  a  middle  colour  between  both.  Its  back  and  belly  both 
terminate  in  a  narrow  edge.  Its  mouth  is  very  small  for  the 
size  of  the  fish,  and  when  open  is  round.  Its  jaws  are  hard 
and  edged  like  a  knife,  within ;  externally  they  are  rough,  as 
if  beset  with  several  rows  of  small  teeth.  7'he  head  does  not 
at  all  project  from  the  rest  of  the  body.  The  eyes  are  \eTy 
small.  The  gills  are  only  two  elliptic  holes,  covered  with 
their  proper  membranes.  Its  flesh  is  very  soft,  and  its  bones 
are  all  gristly  and  tender.  The  skin  sticks  very  firmly  to 
the  flesh,  and  is  not  easily  taken  off.  It  is  caught  in  the 
Mediterranean  and  sometimes  in  the  British  seas.'' 


^  On  examination  of  the  specimens,  they  proved  to  he  titaniferous  oxide 
of  Iron.  •  ^. 
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The  eyes,  instead  of  being  "  very  stnall,^  are  as  large  as 
those  of  an  ox,  and  beings  fiirmshed  with  a  nictitant  mem- 
bratie,  when  they  are  touobed  they  «re  immediately  with- 
drawn below  the  exterior  s«ir£aite,aBd^etMreloped  by  the  folds 
of  this- membrane,  wbich  ia  thick  aad  wrinkleiL 

The  caudal  fin  iiyscalloped  and  has  a.mttdoa  jaiit  below 
the  dorsal  and  pectoral  fins^.  where  ^he  sUa  ia  wriiddedy  as  ia 
the  case  at.  the  base  of  the  other  fins*     .     ;.   .     . 
/^  This  fish  is  never  seePi  but  in  calm  wealhtr^  aad-  more  gen- 

erally n^n  the  aun  shines  bright ;  it  then riaeanear  the  sai^ 
face,  aad  this  dorsal  fin.afpfiears  out  of  water^t  In  swimaifng, 
U  has  a  rocking  mQtioa»  and  occasionally  tiwtis  on  iftcide  and 
gently  Achats. arloiig* ,  .         .    < 

They  are  not  gomoion'On.bur  coast>  but  are  plenty  in  the 
PacifictOcean,  aad  aome:  naUe  been  caught  which  weighed 
800  pounds*  Parts. oCibemtMO'eatan  by  the  whalemen,  but 
aot  when  oiher  fiah.oan  be  obtained.  The  grjsdy  aubstance 
which  cofvstixuiea  a  lai^o  'pprtion  of  the  fish,  is  very  elastic, 
and  when  cut  into  baUs  they:  rebound  iifee  those  made  of 
caoutchoac. 

BrMcji  PlacBj  Rifxbufy,  Aug.*  M^  fSSe. 


Art.  LV. — 'Jfotke  of  the  Discovtrif  and  Geological  Silaalion  of 

the  Kaiitt  Gold  of  VerrmmU 

» 

In  reply  to  a  request  for  information  in  regai'd  to  the  mass 
of  native  gold,  lately  found  at  New  Pane  in  Vermont, 'we 
have  befen  politely  favoured  with  the  following  letter  from 
General  Field.  Accompanying  the  letter  was  a  specimen  of 
the  gold,  which  has  been  placed  in  the  cabinet  of  Harvard 
College.* 

*  In  former  numbers  of  Ihu  journal,  partiouiBr  nolice  wm  taken  of  atf  tbe 
additions  U)  the  cabinet  of  mineralt  at  Cambrid^i  bat  aa  IIm  pdblieation'of 
a  list  of  mineraU  and  localities  could  be  interesting  to  iMt  a  smaH  portion  fjf* 
our  readerS}  it  we«  discontinued      Since  that  time  the  additione  have  been 
very  numerousi  so  much  so,  in  deed,  that  the  jpadous  apartment  in  which  the. 
[Dineraiogical  collection  is  arranged,  is  ineoftcleDt  for  their  •dvanfageoos' 
display.    Many  donations  have  been  made  by  mlneralogialA,  and  ofheri,  fn 
all  parts  of  the  country,  and  several  boftea  have  been  tmnamitted  by  our 
countrymen  resident  abroad.    Ample  anppliei  of  tbe  mineral9  of  N«w  Eng- 
land have  been  obtained  by  occasional  exonrsionB,  of  whieh  mttteralOgists 
are  invited  to  avail  themselves  in  exehange^    Boxes  may  be  adchessed  to 
th^  caw  of  Hilliard,  Gray,  U  Co.,  Boston. 

A  bf  X  of  highly  interesting  specimens  of  the  ores  of  Soitth  Anerica  hH 


J^ToUce  of  the  Mathe  Odd  of  FermonU  59n 

1>£AK  Snt, 

Agreeably  to  yoar  request,  I  have  examined  into  the  cir* 
Gumstances  relating  to  the  native  gold,  lately  found  in  New 
Fane,  Vermont,  and  the  failowing  statement  is  the  result  of 
my  inquiries,  which  may  be  proved  by  indubitable  testimony. 
Tbe  gold  was  found  in  the  highway  near  the  dwelling  house 
of  Samuel  Ingram,  by  a  son  of  his,  and  was,  unquestionably, 
there  deposited  with  a  quantity  of  clay,  sand,  and  gravel, 
which  bad,  a  few  days  prcvioitsly,  been  thrown  into  the  road, 
by  the  highway  sorveyor,  in  ref^airing  a  bridge,  which  had 
been  injured  by  a  freshet.  Upon  examining  the  excava^ 
tion,  made  by  the  surveyor,  from  wnich  the  gold  must  have 
been  taken,  we  find  the  soil  to  be  alluvial,  and  it  appears  to 
have  been  brought  down  and  deftosited  by  a  small  rivulet, 
which  descends  from  a  high  hill.  It  consists  of  thin  strata  of 
clay,  sand,  gravel,  and  water-worn  stones.  The  clay  contains 
a  great  quantity  of  yellow  mica,  which,  from  its  brilliant 
lustre,  is  very  deceptive,  and,  unless  critically  examined, 
would  be  considered  pure  gold. 

The  specimen  of  gold,  when  founds  was  invested  with  an 
incrustation  of  a  brownish  colour,  which  was  readily  removed 
by  washing.  Its  weight  was  8|  ounces,  its  form  was  conical, 
and  there  were  firmly  adhering  to4is  baso,  a  number  of  small, 
transparent  rock  crystals.  The  gold  is  soft,  ductile,  flexible, 
and  malleable ;  its  specific  gravity  is  16.^,  and  it  has  the 
metallic  lustre  of  virgin  gold.  From  the  various  tests,  which 
have  been  applied  to  it»  there  can  be  no  doubt  as  to  the  iden* 
tity  and  purity  of  the  mineral. 

The  soil  in  the  region  in  which  the  gold  was  found,  is  argil- 
laceous, and  affords  beds  of  excellent  potter's  clay.  The 
rocks,  in  sifu^  are  all  of  the  primitive  class,  oonsi^tiog  of  horn- 
blende, hornblende  slate,  and  green-stone  porphyry,  which 

"  III  II         I        I         I     ■,        II  ■.«—»■  II  m         » 

been  received  from  WiMiam  Tador,  Esq.,  U.  S.  ConauJ  at  Lima. }  and  aevenJ 
specimens  from  the  late  J.  B.  Dabney,  Esq  ,  Consul  at  Fayal,  (Azores).  To 
Dr  Bou^  we  are  tadebted  for  a  rery  rontplete  and  Instructive  snite  of  the 
formatiooa  of  tbaaotttb  of  FrancrMid  Germany,  to  Prof^sors  Montkelll, 
Ferrara,  Gismoodi,  asd  Carpi,  for  the  minerals  of  Italy  and  Srelly ;  to  BaroB 
Lederer  for  some  from  Aostria,  and  to  M.  M.  Andre,  Brongniart,  HausmanB 
Bi-ookc,  Meade,  Henlaad,  Traill  aad  others,  for  specimens  from  Great 
Briiain  and  the  «oattiwiit  of  fiorop*.  > 

A  spectmeu  of  the  |(old  of  North  Carolina  was  presented  some  time  ilnee 
by  the  Hon.  Dtiwe\  Webster ;  seventl  varieties  of  iron  ores  and  other  sub- 
stances,  by  Israel  Tbomdike,  Jr,  Esq.,  Mr  Quinby,  and  Mr  Alger.  Many 
inlere»tio«  speciiiians  have  been  reeeirsd  from  His  Eicellency  the  Governor 
of  Maine,  General  De*rboro,  Frofessors  Billiman,  Hall,  and  Torrey,  Messrs. 
Delafield,  Allen,  Fowler,  Jackson,  Emmons,  Hammatt,  Chapin,  and  othei;* 
whose  liberal  contributions  we  have  befom  had  occasion  to  notice.        W. 
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are  ofteo  found  alternating  with  mica  slate.  The  sulphates 
of  iron  and  aluinioa  are  abundant  in  the  mica  slate  of  that 
region.  They  are  found  efBorescing  upon  the  surface  of  the 
rocks,  and  in  dry  seasons,  large  quantities  of  those  salts  might 
be  collected,  with  but  little  laboun 

I  aoi)  Sir,  yourSi  &c. 

MARTIN  FIELD. 
JVeio  Pane^  &ept.  30^  1 856. 

.  P.  S»  Wjtif  this,  I  send  j^ou  a  specimen  of  the  gold  above 
mentioiyedy  for  your  examination.  It  was- taken  from  the 
outer  $urfacp  of  the  lump,  and  is  as  fair  a  specimen  as  I  could 
procure. 


Art.  LVf. — Notice  ofihe  Mineralogy  of  Abw  Scotia,  aad  of 
several  Keit>  LocaHitts  ofArtierican  Minerals*        J.  W.  W. 

The  peninsula  of  Nova  Scotia  has  long  been  known  to  con- 
tain targe  deposits  of  ii:y)n'oi^esBnd  coalj  but  has  not,  to  our 
knowhedge,  been  examined: by  tmj^  gediogist.  Of  it^  miner- 
alogy, \^e  have  been  too  long  kept  in  igdoraaqe;  and  aUboogh 
arrangements  were  made  by  the  government  for  a  mioeraJo- 
gical  survey,  ive  have  not  as  yet  met  wUhiany  acQo|uit  of  the 
progress  of  the  work.  i 

Some  months  sinc«,  being  presented  with  specimens  of 
several  of  the  ores  of  iron  from  dificreot  p^ts  pf  t^  penin- 
sula, by'Mr  l.'B.'QinmfT,  wliose  object  in  visiting  ihe  place 
had  been  tb  discover  iron'ore&y  much  inteirestti^  mfonnation 
was  obtained  fh^n  bitn  in  regard  to  the  localities .  The  ores 
are  chiefly  the  magnetic,  specular,  and  argillsbceous.  Some 
of  them  ate  fonvid  aiong  the  margin  of  St  Mary^s  Bay,  in 
horiKontai  strata  of  from!  to.  12  inches  in  ihipkr\ess,  separat- 
ed by  layers  of  greenstone.  Others  are  loe.tr  i^ith  in  detached 
masses  or  boulmrs,  andi  ai«  sottietimes  n^ular.  These  are 
more  or  less  associated  with  granite  boulders  aad  mass^  of 
felspar  and  quartz. 

An  important  locality  of  ma^etic  inon'  is  at  Clements. 
The  rock  which  accompanies  it  is  clay  sl9te,  .{tnd  according 
to  Mr  Quinby  the  tw<o  pass  ii|to  each  otb^« .  U  constitutes  a 
^  vein  or  bed"  10  feet  wide,  but-  as  yet  it&  extent  cannot  be 
well  ascertained.    Boulders  of  this  ore  s^e  aJwntiant  over  a 
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district  of  oeuntrj  for  2  mil^s  in  length  and  from  ^  to  |  of 
a  mile  in  width,  they  are  uniformly  slaty  in  their  structure. 
The  court^e  of  the  bed  'or  vein  is  about  N.  E.  and  S.  W.  It 
appears  to  be  solid  and  free  from  seams ;  it  will  probably 
require  to  be  drilled  and  blasted,  which  will  materially  in« 
crease  the  expense  of  working  it.  ' 

At  Nictaurc  the  depostte  of  iroa  is  of  great  extent,  forming  a 
bed  extending  eeVctal  miles  in  a  N.  £•  and  S.  W.  directiont 
This  ore  is  slightly  magnetic,  andconQtitAitse .s^r^egular  veia, 
which  ia  S  iieet  wide,  th^  walls  of  the  vein  inclij^ipg  outwards* 
The  ore  thiTQUghoi^t  is  intersected  by  numeroi^s  seams  run- 
nwg ,  in  every,  directiem  ..This  circumstance  will  greitly 
facilitate  any  mining  operations,  and  admit  the  u^e  of  the 
wedee,  by  which  masses  of  great  size  may  be  removed.  It 
exhibits  impressions  of  Terebratulee,  as  does  the  adjoining 
^late,  especially  where  in  contact  with  or  passing  into  the  ore. 

In  one  or  two  specimens  portions  of  the  original  shell  were 
found,  but  instances  of  this  arft\r?c«.\y  rto  be  ^b^er^^*  Some 
<if  the  seams  are^  filled. up^  with  91  substance  Uke  i:eddle. 

The  Moose  river  and  Nictaurc  beds  of  ore  are  distant  from 
each  other  about  40  mlea,'  and  on:  trhe  san^e  range,  of  hills 
which  passes  in  a  N«  £L  and  S^  W.  dijroctioa  ti^ougb  the 
couhtyof  Annapdis,  nearlrjr  parftUeL.witb  aad  about  A5  miles 
S.  of  the  Bay  of  Fundy.  'day  slate  is  abundant  in  this 
range,  atnd'in  many  plaoes'ls  susceptible  of  beiK^  $plit  into 
large  ^labs^^d' tables.  •  It  was  coosidiear^d  probable  by  Mr 
Quinby  that  these  beds  or  veins  of  or^  traverse  the,  greater 
part  of  thfs  t^^tige,  from  tine  jnagnetic  aeed)e  being  affected 
throu|^oitt  the  wWk  extent*     «     .   :. 

At  Nietaure  tbe  ore  ^was-  tewerly  smelted  at  a  small  Iploom- 
ery  fefrge,|ytit  the  iroft  is  said  ta^have  been  of  inferior  quality. 
This  f)rob&bIy  is  to  be  attrifaided  tO:  (be  mperfect  method  of 
worktfig  the  or^» 

At  Aytesford,  argillaceous  iron  ;<Mre  was.  found  iq  several 
places^  in  great  quantity,  extendii^  6  or  8  utiles  along,  the 
course  of  Antiap^s  river*    > 

Near  the  head  of  the  Bay  of  Fundy^  an  ore  was  first  ob- 
taitied  w^ieh  wa6  supposed  to  be  maaga aese, ,and.  as.  such  sent 
to  the  United  States.  It  proved  on  exaeunation  to  be  qoag- 
tietic  iron  with  ^sd  oxide  «f  iron,  aad  a  very  small  poi'tion  of 
oxide  of  manganese* 

The  speeimens  breugfat  by  Mr  Quinby  were  lately  followed 
by  others  crtin  more  iatereating  lo  the  ainerak^ist,  as  frag- 
ments of  aiMthyst,  laumodite,  and  several  analogoiis  miner- 
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als.  ArraiigemeQts  made  to  visits  these  localities  during  the 
past  suoimcr  were  reluctantly  abandoned  in  consequence  of 
the  long  continued  wet  and  unfavourable  weather«  Fortunate- 
ly, however,  Mr  Francis  Alger,  who  had  been  some  months  oo 
the  peninsula,  re^urnad  with  several  boxes  of  different  sub- 
stances, which  he  had  met  with  whili^  engaged  4q  ^eajrching  for 
ores  of  iron.  The  examination' of  these  substances  has  led  to  the 
knowledge  of  a  new  locality  of  many  highly  interesting  and 
beautifiil  minerals,  and  Mr  Alger  hasi,  wit^  4;reat  Jlberalityi 
allowed  us  to  select  frotn  his  c^Tleotiqn  a. series  .of  sp^cimeddS) 
wkh.prrinissiou-to  offer  some  account  oftbevfi*  ..  r,  .  ■ 

The  rock  c,ry.stals  which  were  obtained  are  of  greiat  si3(e, 
one  of  these  measures  nine  inches  across  a^h  lateral  plane 
of  the  pri<^m,  and  the  length  of  pne  of  the  accuminatjng  planes 
is  10  inches.  The  weight  of  one  of  the  crystals  broi^bt 
by  Mr  Alger  U  9tP  pounds^  the  diameter  of.  its  base  .is  i3 
inches,  and  its  length  19  inches.  Both  this  and  Xhe  smaller 
crystals  apd,  fmgmc^nts  are .  smoky,  and  yet  quite,  iraospa- 
rent;  in  some  ihe,  intensity  of  colour  is  nearly  equal  totnat 
of  the  rock  c.rystals  found  in  several  places  in  iicotland,  and 
known  in.  commerce  as  Caimgoroms^^the  name  beiqg  deriv- 
ed from  ^he  range  of  mountains  iu  which  they  were  first  met 
with.  and.  which  has  been  retained  by  .the  lapidaxies  aivl  ap- 
pliea  to  smoky  and -topaz  coloured  quartz  from  any  .locality* 
The  Scotch  rock  cry  totals  are  obtained  iq  the  water  courses 
and  ravines  ii)  many  parts  of  the  Highlands,  and  the  traveller 
often  meets  wjth  small  parties  of  children  and.  individuals 
who  are  searching  for  them ;  they  are  mostly  found  more  or 
less  rounded  by  attrition,  and  it  is  somewhat  rare  to  meet 
with  a  perfect  crvstal.  The  stones  are  sold  tp  the  lapidaries 
in  Edinburgh  and  other  Urge. towns,  by  whom.tbey  .arf  soitte* 
times  submitted  to  certain  processes,  by  which  the.  colour  is 
heightened)  diminished,  or  wholly  removed^  This  is  done 
by  enclosing  the  mineral  in  charcoal,  and  soibcnittiag  it  to 
heat  I  or  by  hrating  it  and  plunging  it  into  different  coloured 
solutions.  The  largest  specimen  which  has  been  foqnd  ia 
Scotland,  weighs  about  78  lbs* 

The  beauty  of  the  ^ova  Scoiia  rock  crystals  is  increased 
by  the  long  and  slender  prisms  of  black  schorl  which  they 
contain  ^  ;Some  of  them  are  ?  inches  in  length  and  but  tV  ^ 
thickness,  t 

The  sp^cimbns  found  by  Mr  Alger  were  loose  and  in  the 


*  These  have  been  placed  Id  the  cabinet  of  Harvard  College. 
Mr  A.  has  had  a  seal  of  much  beauty  cut  from  one  of  these  crystals. 


4 

Jfew  Localities^  i/'C.  607 

soil,  but  it  is  very  obvious  from  the  appearance  of  the  exte- 
rior, that  thev  were  derived  from  the  neighbouring  ridges  or 
veins  of  granite,  as  pieces  of  the  other  constituents  of  granite 
still  adhere  to  them. 

Ahertmtions  of  red  and  White  sandstone,  with  veins  of 
reddle,  oecuir  it  Digby  Necfc,  fortaing  precipices  one  hun- 
dred or  more  feet  in  height.  This  depositee  dp  sandstone  de- 
serves careful  exatninalioti.    *    ,     ':  / 

.  Amethyst ;  many  rich  and  high  coloured  spedimcns  of  this' 
mineral  were  obtained  by  Mr  Alget*^  Thfe  crystits  are  asso- 
ciated with  magnetic  iron,  and  m  Some  specimi^hs  with  c^-' 
cedony  andjtt^pfer ;  mostof  ih*  sfiedmens  faave'^b^en  bibviods- 
ly  taken  from  geodbs,  but  some  of  tHemarr  jiV'thlh  and  "flat 
masses,  having  formed  incrustatlofrs  Upon' the  <^t*K  'The  prin- 
cipal locality  is  in  the  North  mouiuains  at  Df^y  Nrck.  The 
ore  itself,  at  this  place,  occurs  in  detached  masses  onl^,  Vary^ 
ing  in  weight  from  1  to  10  cwf. '  -     .  i      ,- 

Specular  iron  ore  ;  some  of  this  is  e6ua!  in  .btaUtj^  to  that 
from  Elba  ;  it  occurs  at  the  head  of  St  MaryVBcWl ' 

By  this  interesting  collection  a  ntw  locality  of  laumonite 
is  made  known  to  us,  and  from  tbe  aj^peat-ance  of  the  speci- 
mens, thi^  substance  occurs  in  large  masses  and  abundantly: 
It  has  in  general  a  deeper  red  colour  externally  than  the 
foreigti  specimens,  and  within  is  of  a  flesh  colour  more  or . 
less  intense,  and  white.  The  principal  locality  is  at  Sandy 
Cove,  in  Digby  Neck,  where  it  forms  numerous  veins  travers- 
ing a  precipice  of  trap  60  br  70  feet  in  height,  extending 
along  the  shore,  and  forming  a  hairier  to  the  sea  for  a  long 
distance.  The  Veins  are  of  various  thickness  and  lengthy 
and  neatly  vertteal.  The  laumonite  is  associated  With  e^:- 
ceedingly  beiiUliM  ci^stab  of  rhomb  spar,  chabasie,  meiso-  ' 
type,  heolandite,  and  tethyophthalmite.  These  minerals  are 
accompanied  by^mall  plates,  of  specular  iron  ore,  which  from 
its  brlllianryi'has,  fill  recently,  been  deemed  an  ore  df  silver^  ! 
and  been  soUjgfit  with  avidity  by  persons  from  all  p^irts  of  the 
peninsula. 

Black  oxide  of  manganese ;  in  ^me  specinfiens  this  sub- 
stance te  well  crystallised;  and  was  met  with  dt-the  head  pf 
the  Bay  of  Fundy.  Radiated  mangatiese  occurs  in  loose 
mavises  at  Lawt^ncetown  a  bout  ^0  miteseast  from'  Halifax. 

Large  masses,  exceeding  a  ton  in  weight,  composed  priii-  ' 
cipally  of  diallage,  occur  at  Nictaurc,  and  the  same  mineral 
is  associated  wilh  il*ori  pyrites'at  Clements.  .       .    " . 

Among  the  specimens  were  several  otbeir^  iodifiiLtiiig  .the 


^98  «A/et9  LocMim^  ^ 

existence  of  trap  roeks^  as  w&cki,  clinkstone,  jasper,  mA  dis- 
tinct trap.  There  were  a  feir  pieces  of  siilphuret  of  antinMHuy 
of  great  beauty,  and  of  native  copper  from  Cape  Doty* 

Sulphuret  of  iron  oecors  in  considerable  quantities  in  clay 
slate,  near  the  mouth  of  fiedr  rtver.  It  is  priiKripBlly  the 
amorphous  Tariety,<'and  by  the  ajstim  of  air  and  mutttaro, 
effloresces,  arid  is  converted  into  sulphate  of  ir^  \  h  has 
never  been  worked,  but  will  probably  prove  an'ttbonch&it 
source  of  copperas. 

Brown  and  red  hematite,  has  been  found  insmatt  quaaticy, 
in  Digby,  but  not  m  situ  ;  it  is  thought  b^weven,'  by  Mr  Aiser, 
that  an  extehst^e  depositeolf  these  ores  exisis  In  ike'^vidnity. 

Hie  minerals  thus  hntOy  imtioed  sbow^  that  we  have  ia 
our.  vicinity  formations  analogous  to  thdse  -of  Iceland  aad 
Ferroe,  and  that  this  wiiote-distfriotdeMrves  the  carefo)  ex- 
amination of  geologists.    '  '.  \ 

New  Locality  ofScapotiU^  HdgeQintrtti  4N).-^iB  the  town  tof 
Preeport  in  Maine,  iritfaiA  a  fei^'iinlesef  ftrunswtclc,  I  discor- 
ered  a  b^  of  limestone  cotitaimng  scapolice  and  mrgasle. 
The  portiotrs  of  limestone  opbnthe  suriaeo  wereiuli  of  tfaoe 
substances,  and  th^  crystals  iakbougb  wack  cliaaged  aod  ia- 
Jured  from  exposure,  w^re  quite  dtslintt.  •  The  wMle  appear- 
ance of  the  limestone  aod  its  accompanyi&g  mineran  is 
remarkably  like  that  at  Bolton  in  this  Slate,  andit  is  probabie 
that  beneath  the  surface  the  former  will  be  found  to  contain 
as  great  a  variety  of  substances.  It  is  a  primitive  limestone, 
and  in  the  immediate  vicinity  of  large  grained  granite,  bat 
from  the  state  of  the  field  in  which  it  was  noticed,  I  was  un- 
able to  ascertain  its  limits,  or  whether  the  two  rocks  were  in 
actual  contact. 

The  granite  is  in  some  places  composed  of  gigantic  crystals 
of  felspar,  and  the  quartz  is  rose  coloured. 

JVcw  Locality  of  Garnet^  (  Cinnamon  Stone  f)  S^Hte,  ^c— The 
limestone  of  Bolton  appears  to  extend  in  a  N.  E.  direction  as 
tar  as  Chelmsford,  and  in  a  late  examination  of  this  forttiation, 
I  discovered  at  Carlisle,  near  Chelmsford,  uncommonly  fine  ' 
crystals  of  dodecaedral  garnet,  idocrase(Egerane),sahUte,  par- 
gasite,  and  scapolite.  The  crystals  are  imbedded  in  the  Ume- 
stone,  and  when  this  is  removed  by  the  cautious  use  of  acids,  the 

famets  exhibit  a  most  brilliant  lustre,  and  perfect  dodecaedral 
>rm ;  the  angles  and  edges  being  oiten  replaced.  These 
crystals  vary  m  size,  some  are  quite  small,  while  others  are 
an  inch  or  more  in  diameter.  They  are  perfect  gems,  and 
will  probably  prove  to  be  cinnamon  stone,  or  essonite.    It 
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will  dmend^  as  Haidinger  reiparks,  vpon  the  iaveatig^r 
tioDft  of  the  regular  forim  of  cinnamon  stone,  whether  or 
not  it  is  to,  be  considered  as  a  species  of  its  own*  The 
close  agreement  of  all  its  properties  with  those  of  dodeca- 
edral  garnet^  and  the  tesdular  forms  inferred  from  the  ob- 
servations of  Biot,  Brewster^  &:c>  reader  it  extremdij  pro- 
bable that  it  is  a  variety  of  doo^cikedral  gp^foet.  Kobell, 
in  a  memoir  on  G9met,  maintains  that  cinn?iQ9pn  ^tone  is  a 
variety  of  garnet;  and  is  disposed  to  cQnsklejf  helvin  and 
the  hyacisntfa  red  and  4»*ange  coloured  garnets  of.Piedmont  as 
varieties  of  cinnameo  .stone*'*' 

J^Tew  IdMHiji  a/ .  Chubfen^^  liave  lately  discovered  crysr 
tals  of  chabasie  in  the  sieail«  ^f t  Charlestown  (Mass.)  asso- 
ciated with  prehnite«; 

jB<ry/#  ^  Airjsre'  nie,«»«-At  Gepi^eilovrn,  Parker's  island^  at 
the  mouth  of  the  Kennebec  river  1  fowd  in  a  high  ridge  of 
granite,  crystals  of  Berjl^,  eacei^bedingfifteen  inch^  in  length, 
and  six  in  tkicknedtt ;  one  ofr  theso^  novf  in  the  jcqUfge  cabinet, 
is  acuminated,  and  of  a  fine  .bine  colour  and  near^.  transpar 
rent.  They  are  associated .  iwitb  sofaorl  of  nearly  equal  sixe 
and  in  great  abundance ;  and  I  have  recently  received  from 
A.  Hammatt  Esq.  of  Baib,,  garnets'  and  egerane,  resembling 
those  noticed  above,  discovered  by  that  gentleman  »at  Phipps^ 
4>urg  on  the  Kennebec^ 


Ne:vi  Work  on  Mintrakgy. — ^Dr  J.  L.  Comstock,  of  Hart- 
ford, Conn,  is  publishing  a  Manual  of  Mineralogy,  which, 
from  a  portion  we  have  had  the  pleasure  of  examining,  prom- 
ises to  be  a  valuable  addition  to  the  works  on  this  science, 
and  a  convenient  text  book  for  students. 

The  Moon  and  Us  Inhabitants^ — Olbers  considers  it  as  very 
probable  that  the  moon  is  inhal^ited  by  rational  creatures, 
and  that  its  surface  is  more  or  less  covered  with  a  vegetation 
not  very  dissimilar  to  that  of  our  own  earth.  Gruithuisen 
maintains,  that  he, has  discovered,  by  means  of  his  telescope, 
great  artificial  works  fn  the  moon,  erected  by  the  Lunarians; 
and  very  lately,  another  observer  maintains,  from  actual  ob- 

*See  Edin.  N.  Jour.  395. 
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senration,  that  great  edifices  4o  exiat  in  the  moon*  Noggerath, 
the  geologist,  does  not  denj  the  accuracy  of  the  descriptions 
pubushed  by  Griiithuisen,  but  maintains  that  all  these  ap- 
pearances are  owing  to  vast  whin-dikes  or  trap  veins  rising 
above  the  general  lunar  surface.  Gruithuisen,  in  a  conversa- 
tion with  the  great  astronomer  Gauss,  after  describing  the 
regular  figures,  ne  had  discovered  in  the  moon,  spoke  of  the 
possibilitv  of  a  correspondence  with  the  inhabitants  of  the 
moon*  He  boought,  he  says,  to  Gauss's  recollection,  the  idea 
he  had  communicated  many  years  ago  to  Zimmerman.  Gauss 
answered,  that  the  plan  of  erecting  a  geometrical  figure  on  the 
plains  of  Siberia  corresponded  with  bis  opinion,  because,  ac- 
cording to  hi^  view,  a  correspondence  with  the  inhabitants  of 
the  moon  could  only  be  begpn  by  means  of  such  mathemati- 
cal contemplations  and  iaea^  which  we  and  they  must  have 
in  common.  The  vast  circular  hollpws  in  the  moon  have 
been  by  some  considered  as  evidences  ^f  volcanic  action, 
but  they  differ  so  ipuch.ii)  £orm  anc|  siructure  from  volcanic 
craters,  that  miany  are  n^w  of  bpiniout  and  with  reason,  that 
they  are  vast  circular  valleys.r-rKdm.  JV.  PhiL  Joura, 

Morichini  on  Mof^ti^ism.-^h  results  from  the  experiments 
of  this  distinguished  philosopher,  that  there  very  probably 
exists  a  magnetic  power  in  lights  particularly  in  the  exterior 
edge  of  the  violet  ray ;  and  also,  that  this  power  is  to  be 
ascribed  more  to  the  chemical  or  deoxydising  rays,  than  to 
the  violet  ray  itself.  ^  If  thi^  newly  discovered  property  of 
light  shall  be  confirmed  by  the  experiments  of  others,  we 
must  not,  as  some  are  disposed  to  do,  abandon  the  idea  of 
the  earth's  magnetism.  The  earth,  ^»  Morichim  remarks, 
will  absorb  the  magnetic  fluid  of  the  solar  rays,  as  it  absorbs 
heat  and  light.  Iron  will  bear  the  same  relation  to  the  mag- 
netic fluid,  as  pyrophorus  to  caloric  and  phosphorus,  by  isola- 
tion, to  light. — Ihid. 

0tloride  of  Urne  as  an  Antiseptic^ — The  chloride,  of  lime  is 
remarkable  for  its  antiseptic  powers :  thus,  if  an  ani.nal  body 
already  ofiensive  owing  to  putrefaction,  is  drenched  in  an 
aqueous  solution  of  this  salt,  the  smell  ^itirely  disappears  ; 
further,  if  fresh  flesh  is  drenched  in  it  soon,  that  is  m  a  few 
days,  it  becomes  converted  into  a  mummy-like  whitish  sub- 
stance, and  does  not  give  out  any  unpleasant  smell ;  hence  it 
has  been  recommended  to  use  chloride  of  lime,  in  preference 
to  all  other  substances,  iq  the  embalming  of  bodies*  7  lb.  of 
chloride  may  be  added  to  20  lbs.  of  water. 

Structure  of  the  Swiss  Alps. — From  the  foot  pf  the  Cevennes. 
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by  Marseilles,  Gap,  GrenoMe,  Geneva  and  Bex,  similar  and 
very  simple  geognostical  relations  occur.  The  lowest  rock 
18  blackish  marly  limestone,  which,  from  its  fossils,  and  other 
characters,  appears  to  be  a  lias  limestone ;  to  this  succeeds  a 
white,  compact,  often  oolitic  limestone,  which  is  Jura  lime- 
stone, and  is  often  covered  with  clay,  sandstone,  marl,  &c. 
that  belong  to  the  quadcr  sandstone  and  green  sandstone. 
The  valleys  are  often  filled  with  Molasse.  The  Swiss  Alps 
are,  in  all  probability,  similarly  constructed.  The  dark  tran- 
sition limestone,  witn  its  subordinate  beds  of  gypsum,  belong 
to  the  lias  formation;  the  true  alpine  limestone  to  the  Jura 
limestone;  the  ereen  sand  and  quader  sandstone  form  the 
highest  ridges  of  the  calcareous  alps,  as  on.the  Mount  Saleye, 
Diablerets,  &c.  It  seems  problematical  if  true  transition 
limestone  occurs  in  this  part  of  the  Alps.  If  the  view  now 
given  be  correct,  say$  Kefierstein,  the  calcareous  alps  and 
uie  Jura  exhibit  the  same  geognostical  structure  and  compo- 
sition, and  probably  were  at  one  time  connected  t6|;ether  (as 
is  the  case  at  present  in  the  south  of  Prance),  formmg  an  ex- 
tensive plateau,  which,  at  a  period  not  very  remote,  suffered 
rialent  elevations  &nd  depressions,  by  whicn  the  green  sand, 
for  example,  was  raisca  to  the  height  of  10,000  or  12,000 
feet.  These  changes,  which  have  given  the  present  form  to 
the  Al[Ss,  may  have  taken  place  during  or  after  the  deposition 
of  the  chalk  formation. — Ibid* 

Strickland's  Reports^  fyc. — This  Work,  as  most  of  our  readers 
probably  know,  was  published  under  the  auspices  of  the  "  Penn- 
sylvania Society  for  the  promotion  of  Internal  Improvements,'' 
at  whose  expense  Mr  Strickland  travelled  abroad  to  collect  in- 
formation), on  the  numerous  subjects  of  Canals — ^I>ockfl — 
Breakwaters — Turnpike  Roads — Railways  and  Locomotive 
Engines— Horse-Gins  and  Cranes — Coke — the  Manufacture 
of  Iron — of  Blistered  and  Cast  Steel — Rollers  for  Bar  and 
Hoop  Iron  and  for  Calico  Printing — and  Gas  Lighting.  The 
Reports  contain  a  summary  account  of  the  pubhc  works  and 
manufactures,  as  above  enumerated|  visited  by  him,  while  in 
Europe.  Much  the  most  valuable  part  of  the  work  is  the  plates. 
These  are  about  sixty  in  number,  and  are  fafr  and  clean 
impressions.  In  fact  the  written  reports  are  little  more  than 
introductions  and  explanations  of  the  plates.  We  have  ex- 
amined the  whole  with  some  attention,  and  do  not  hesitate  to 
pronounce  it  a  valuable  v^ork.  Those  who  are  yet  to  com- 
mence their  researches  in  engineering  and  the  arts,  will  find 
in  it  much  information  expressed  in  a  clear  and  unequivocal 
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manner;  while  the  initiated  yf\H  often  refer  to  it  for  facts 
which  have  escaped  their  tnemory.  Higher  praise  than  this 
we  cannot  bestow  up^Q  it,  (for  we.cire  not.^ware  that  it  con- 
tains any  important  knowledge,  orwHicb^the'puWlc  were  not 
already  in  possession,  in  one  form  or  another. 

It  is  not  the  fault  of  Mr  Striclttand  that  he  has  not  made 
any  considerable  addition  to  our  information  on  the  subjects 
of  his  reports;  for' the  reports  themselves  furnish  sufficient 
evidence  that  he  was  well  qualified  to  have  done  sPy  if  the 
society,  whose  agent  he  was^  had  ^frmitted  him  to  confine 
his  attention  to  fjbw^r  objects.  Btut^it  is  beyond  the  reach  of 
any  onexnortaji  intelligence,  to.b^ome  thorofigt^ly  acquainted 
with  one  quarter  of  the  subjects  that  he  was  ordered  to  in- 
vestigate, i^  the  period  of  his  travels.  .       . 

We  have  no  doubt  but  Mr  Strickjapd  will  ^gree  with  us  in 
this,  indeed  he  has  already  recorded  ihe  same  opinion,  in  his 
work;  he  says,  in  his  report  on  th'e  manufacture  of  iron, 
^  I  have  not  been  able  to  find  any  one  iron  master  acqiVainted 
with  the  whole  ground,  there  is  so  much  of  tne  subject,  coa- 
nected  with  the  manufacture  of  iroh,  depending^  upon  tact, 
time,  and  practice,  that  it  is  almost  impossible  to  rediice  it  to 
an  exact  system,  that  sball-b^^  perfectly  understood,  by  a 
single  individual/*  Could  it  tbeit  be  expected  tbwt  Mr  Stnck- 
land  should  possess  himself,  not  only  of  tjbe  iron  manufacture, 
but  of  a  dozen  ot^her  equally  ditBeuH'SubjectS)  in  half  as  many 
months?  Collect  and  make  drawings  of  their  architecture 
and  machinery^  and  explain  the  whole  to  the  public?' 

Hiywever  it  may  be  thooght  that  the  "  Pennsylvania  Socie- 
ty has  fallen  shoh  of  its  object,  by  attemptii^/tioa<raaeh; 
yet  the  efibrt  itself  deserves  all  praiise,  aiid  we'hbpe  tbkt  the 
example  of  missions  of  this  kind,  will  find. so  many„imitatprs, 
that  the  aUeqtioa  of  each  may  be  narrowed  to  a  single  kind 
of  public  work  or  manufacture**  -    .      -i 

III  »>     nil      LIii       ■< «.iiii«i      .1  II 'n        ^>«pimi»iiiiiil>ii>^^y^        '■ 

*  At  f)  20,  the  followffig  paragraph  oeeuri.  -  -"  The  oioitiappB^ved  «8ceDU 
ot  aoEles  of  elevation  and  depression,  on  the  English  roads,  yarv  from  en« 
inch  In  a  yard,  to  one  inch  in  a  foot ;  the  IMIer  being  considered  (be  h^t." 
l^robably  the  word  foot,  is  a  mis-print  for  rod.  The  error,  whatever  it  is, 
will  deserve  cdrrecUon  in  another  edition,  for  which  purpoie  we  have 
noticed  it. 
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